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Abstract: Low back pain (LBP) is a common aging-associated disease that can cause disability in old people. 
Previous research revealed that an imbalance in the extracellular matrix (ECM) via abnormal hypoxia-inducible 
factor-1alpha (HIF-1α) expression in nucleus pulposus (NP) cells was one of the key factors in the pathogenesis of 
intervertebral disc degeneration (IDD). However, the mechanism by which the ECM is reduced in patients with IDD is 
not fully understood. Here, we reported that a new member of the interleukin (IL)-1 family, IL-33, was positively cor-
related with HIF-1α and was decreased in the NP cells of individuals with IDD. IL-33 overexpression in degenerative 
NP cells decreased the levels of matrix metalloproteinase-3/13 (MMP-3/13), a disintegrin and metallo-proteinase 
with thrombospondin motifs-4/5 (ADAMTS-4/5), and promoted ECM expression in vitro. Furthermore, we preliminar-
ily explored the antiapoptotic effects of IL-33, which could reduce the expression of Caspase-3 and promote the level 
of Bcl-2 in degenerative NP cells. Furthermore, when HIF-1α expression was silenced, IL-33-mediated upregulation 
of ECM expression was weakened. Thus, IL-33-induced HIF-1α upregulation may represent a novel therapeutic 
strategy to ameliorate IDD in patients with LBP.
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Introduction

Low back pain (LBP) has become the leading 
cause of disability in the world, and the inci-
dence rate in the past 20 years has continued 
to increase [1]. In the United States, nearly 40% 
of adults have reported LBP, and 20-33% of 
patients are unable to work. Thus, this disease 
has major socioeconomic impacts [2]. The 
management of LBP is hampered because the 
pathogenesis is unclear. Recent studies have 
shown that intervertebral disc degeneration 
(IDD) is one of the main causes of LBP [3].

Intervertebral disc (IVD) tissue is a soft tissue 
between vertebral bodies that bears load and 
provides for the physiological activities of the 
spine. The nucleus pulposus (NP), cartilaginous 
end plate (EP) and annulus fibrosis (AF) togeth-
er form the IVD [4, 5]. NP cells exist in an extra-
cellular matrix (ECM) composed of collagen II 

and proteoglycans. Studies have shown that 
increased NP cell apoptosis, the loss of NP cell 
function, and ECM degradation are the most 
fundamental pathological factors in IDD. ECM 
accounts for 99% of the volume of IVD tissue 
and plays a prominent role in the IVD [6, 7]. 
There is no blood supply to the NP and the inner 
layer of the AF, which mainly obtain nutrition 
through diffusion in the EP and are in a state of 
hypoxia [8]. Changes in the hypoxic environ-
ment may affect the activation or suppression 
of a series of steady-state genes related to cell 
adaptation and survival in the hypoxic environ-
ment, which may be an important mechanism 
leading to disc degeneration [9]. Among these 
genes, hypoxia-inducible factor-1α (HIF-1α) is a 
crucial transcription factor that responds to 
oxygen concentrations. Many studies have 
shown that abnormally low expression of HIF-1α 
leads to reduced ECM production in IDD [10-
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12]. However, the mechanism of HIF-1α down-
regulation is unclear.

In disc tissue, as degeneration proceeds, 
increased levels of inflammatory cytokines pro-
mote the downregulation of ECM, change the 
phenotype of IVD cells, and lead to spinal insta-
bility and structural changes [13]. Cytokines 
such as interleukin (IL)-1α, IL-1β, necrosis fac-
tor alpha (TNF-α), IL-2, IL-4, IL-8, IL-6, and inter-
feron gamma (IFN-γ) have been investigated in 
many studies [14-16]. Among these, IL-1β has 
probably been studied the most. IL-1β and IL-1 
receptors (IL-1R) have been confirmed in IDD 
pathology. IL-1β promotes an increase in genes 
encoding ECM-degrading enzymes, leading to 
the exacerbation of IDD [14]. IL-33, a novel 
member of the IL-1 family, was first identified  
as nuclear factor in high endothelial vein 
(NF-HEV) in cells and is widely expressed in 
various tissues. IL-33 is an alarm signal (alar-
min) that is released when a cell or tissue is 
damaged, and it sends an alarm to immune 

cells expressing the suppression of tumorige-
nicity 2 (ST2) receptor [17, 18]. At present, few 
reports have demonstrated the role of IL-33 in 
IDD. In our study, we first found reduced IL-33 
expression in patients with IDD. However, the 
biological functions and precise mechanism of 
IL-33 in IDD need to be further examined.

In this study, we determined that IL-33 is a key 
nuclear cytokine that induces ECM production 
by upregulating the expression of HIF-1α. In 
addition, we found that the level of IL-33 in the 
NP tissue of IDD patients was abnormally 
decreased. Therefore, we hypothesized that 
IL-33 was a reason for the decreased HIF-1α 
expression in degenerative NP cells, resulting 
in LBP.

Materials and methods

Human tissue collection and grading

The management of the Changzheng Hospital 
affiliated with the Second Military Medical 
University provided the ethical approval of 
human IVD tissue collection, and the approval 
number is 13071002114. Human lumbar IVD 
tissue was collected during IDD surgery. Con- 
trol samples were obtained from patients who 
suffered from trauma. All tissues were collect-
ed after obtaining patient consent. All patients 
underwent magnetic resonance imaging (MRI), 
and the Pfirrmann score was used to score 
patients as I or II, III or IV and V for the normal 
group, mild degeneration group and severe 
degeneration group, respectively. Patient de- 
tails are shown in Table 1.

Isolation of human nucleus pulposus cells

The obtained human NP tissue was rinsed 3 
times with D-HANKS solution. Scissors were 
used to cut the NP tissue (approximately 1  
mm3 in size), which was placed in a sterile cen-
trifuge tube and digested with 0.25% trypsin  
at 37°C for 20 min. Then, the tissues were  
centrifuged at 800 R/min for 5 min, aspirated, 
digested with 0.2% type II collagenase at 37°C 
for 4 h, and filtered with 200 mesh screens. 
The filtrate was centrifuged at 800 r/min at a 
low speed for 5 min, the supernatant was dis-
carded, the tissue was washed with DMEM/
F12 medium and centrifuged at 800 R/min at 
low speed for 5 min, and the process was 
repeated 3 times. The cells were inoculated 

Table 1. Demographic data of human tissue 
donors in experimental studies
Subject No. Gender Age (years) Thompson Grade
1 M 31 I
2 M 65 III
3 F 29 II
4 M 33 II
5 F 56 IV
6 F 36 III
7 M 41 IV
8 M 53 IV
9 F 66 V
10 M 32 I
11 F 28 II
12 F 67 V
13 F 35 III
14 M 29 I
15 M 30 II
16 M 42 I
17 F 55 III
18 F 58 IV
19 F 60 V
20 F 33 II
21 M 64 V
22 M 59 IV
23 M 31 II
24 F 36 VI
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into culture flasks and cultured with DMEM/
F12 medium containing 15% fetal bovine serum 
and 1% penicillin/streptomycin. The cells were 
cultured in an incubator containing 5% CO2 at 
37°C. The culture medium was changed twice a 
week for follow-up research.

Real-time PCR (qRT-PCR)

Total RNA was extracted from cells and tissue 
samples with TRIzol reagent (Invitrogen). 
According to the manufacturer’s instructions, 
PCR analysis was performed using gene-specif-
ic primers (Table 2) and purified total RNA (1 
μg) was reverse-transcribed into cDNA with a 
PrimeScript RT reagent kit (Takara). qRT-PCR 
was performed using a SYBR green PCR kit  
and a MyiQ Single Color Real-time PCR 
Detection System (Bio-Rad Laboratories). The 
reaction was repeated using RNA samples from 
three independent experiments. Then, 18S 
rRNA was used as the internal control, and the 
2-ΔΔCT method was used to calculate the fold 
change in the expression of each gene.

Immunohistochemistry

Human NP tissue sections (5 μm) were depar-
affinized in ethanol and xylene. The sections 
were incubated with 3% H2O2 for 10 min to 
remove endogenous peroxidase. The sections 
were blocked with 1.5% normal goat or rabbit 
blocking serum at room temperature for 45  
min and incubated with anti-il-33 (1:200; 

immunoblotting was performed with pri- 
mary antibodies against IL-33 (Sigma-Aldrich, 
1:1000), HIF-1α (Cell Signaling, 1:1000), 
Collagen II (Affinity, 1:1000), Aggrecan (Affinity, 
1:1000), or actin (Servicebio, 1:1000). Then, 
the membranes were incubated with horserad-
ish peroxidase (HRP)-conjugated secondary 
antibodies, Myc-HRP (Thermo, 1:5000) and 
Flag-HRP (Sigma, 1:5000). Bands were detect-
ed using an enhanced chemiluminescence  
system (EMD Millipore, Billerica, MA, USA),  
and Image-Pro Plus 6.0 software (Media 
Cybernetics, Inc., Rockville, MD, USA) was used 
for quantification.

Luciferase assays

Lipofectamine 2000 reagent (Invitrogen) was 
used to transfect NP cells in a 12-well plate. 
The cells were collected and analyzed for lucif-
erase activity using a dual luciferase detection 
system (Promega) after 48 h. Then, the lucifer-
ase activity was measured using a luciferase 
detection kit (RG005, Beyotime Institute of 
Biotechnology, Shanghai, China).

Statistical analysis

The data were analyzed using SPSS 10 statisti-
cal software and are expressed as the mean ± 
standard deviation. Compari sons between 
groups were performed by Student’s t test or 
one-way ANOVA. A value of P<0.05 indicates 
that the difference is statistically significant.

Table 2. Primer sequences used for RT-PCR
Gene Primer name Sequence
GAPDH GAPDH-F ACAACTTTGGTATCGTGGAAGG

GAPDH-R GCCATCACGCCACAGTTTC
MMP-3 MMP-3-F ACATGGAGACTTTGTCCCTTTTG

MMP-3-R TTGGCTGAGTGGTAGAGTCCC
MMP-13 MMP-13-F TTGAGCTGGACTCATTGTCG

MMP-13-R CGCGAGATTTGTAGGATGGT
ADAMTS-4 ADAMTS-4-F ACACTGAGGACTGCCCAACT

ADAMTS-4-R GTGTAGCGAGGAACCCAGTC
ADAMTS-5 ADAMTS-5-F CAAGGACAAGAGCCTGGAAG

ADAMTS-5-R CTGCATCGTAGTGCTCCTCA
Caspase-3 Caspase-3-F TGTTTGTGTGCTTCTGAGCC

Caspase-3-R CACGCCATGTCATCATCAAC
Bcl-2 Bcl-2-F ATGTGTGTGGAGACCGTCAA

Bcl-2-R GCCGTACAGTTCCACAAAGG
All sequences are given in 5’-3’ direction.

Sigma-Aldrich) and anti-HIF-1α (1:200; Cell 
Signaling) primary antibodies at 4°C over-
night. One day later, goat anti-rabbit immuno-
globulin G (1:3000, ab205718 Abcam) sec-
ondary antibodies were added and incubated 
for 30 min. Diaminobenzidine was added, and 
the sample was developed for 5 min, counter-
stained with hematoxylin, differentiated with 
1% hydrochloric acid alcohol, returned to blue, 
and mounted. Finally, pictures of the slices 
were taken with an optical microscope. Cells 
with a pale brown cytoplasm or membrane 
were noted as positive cells.

Western blotting

Proteins were prepared as previously reported 
[19], and the protein content was measured 
using a Bradford assay (Bio-Rad Laboratories, 
Hercules, CA, USA). Equal amounts (20 μg) of 
protein were separated by SDS-PAGE, and 
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Results

IL-33 promotes the expression of Collagen II 
and Aggrecan in NP cells

To investigate whether IL-33 regulates ECM 
expression, an IL-33-overexpressing adenovi-
rus was used in NP cells (Figure 1A). At 48 h 
after adenovirus administration, the mRNA lev-
els of Collagen II and Aggrecan were higher 
than those observed in cells treated with 
Ad-LacZ alone (Figure 1B and 1C). Moreover, 
IL-33 overexpression significantly increased 
Collagen II and Aggrecan protein expression 
(Figure 1D). In addition, when the expression of 
the IL-33 receptor ST2 was silenced by siST2 
(Figure 1E), IL-33-induced ECM production was 
not affected (Figure 1F). These results illustrat-
ed that IL-33 promoted ECM expression inde-
pendent of ST2.

IL-33 regulates matrix-degrading enzymes and 
apoptosis-related gene expression in NP cells

To investigate the inhibitory effect of IL-33 on 
matrix metabolism and apoptosis in disc degen-

eration, IL-33-overexpressing adenovirus was 
administered to degenerative NP cells. At 48 h 
after adenovirus administration, the mRNA  
levels of MMP-3/13 and ADAMTS-4/5 were 
higher than those observed in the control gro- 
up (Figure 2A-D). Moreover, IL-33 overexpres-
sion significantly decreased Caspase-3 expres-
sion and increased the expression of bcl-2 in 
degenerative NP cells (Figure 2E and 2F). 
These results illustrated that IL-33 has an- 
timetastatic and antiapoptotic effects on disc 
degeneration.

IL-33 promotes the expression of Collagen II 
and Aggrecan via HIF-1α

To confirm the role of IL-33 in ECM expression, 
we found that IL-33 significantly upregulated 
the mRNA and protein expression of HIF-1α, 
which had previously been shown to promote 
ECM expression (Figure 3A and 3B). To provide 
further evidence of the involvement of IL-33 in 
HIF-1α-mediated ECM production, we showed 
that IL-33 could promote the transcriptional 
activity of HIF-1α (Figure 3C). By using RNA 
interference in loss-of-function experiments, 

Figure 1. IL-33 induced the expression of COLL II and aggrecan in vitro. A. NP cells were infected with Ad-Flag-IL-33 
or Ad-LacZ. IL-33 mRNA levels were measured by qRT-PCR. B and C. NP cells were infected with Ad-Flag-IL-33 or 
Ad-LacZ for 48 h. COLL II and Aggrecan mRNA levels were measured by qRT-PCR. D. NP cells were infected with Ad-
Flag-IL-33 or Ad-LacZ for 48 h. COLL II and Aggrecan protein levels were measured by Western blotting. E. NP cells 
were transfected with siST2 for 48 h. ST2 mRNA levels were measured by qRT-PCR. F. NP cells were transfected 
with siST2 (100 nM) or siCTL (100 nM) for 24 h, and then the cells were infected with Ad-Flag-IL-33 or Ad-LacZ for 
an additional 48 h. CoLL II and Aggrecan protein levels were measured by Western blotting. **P<0.01, ***P<0.001, 
****P<0.0001.
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Figure 2. IL-33 regulated matrix-degrading enzymes and apoptosis-related gene expression in NP cells. A-D. Ad-Flag-
IL-33 (50 MOI) overexpression inhibits the expression of matrix-degrading enzymes in IVD degenerative (IDD) NP 
cells. MMP-3 MMP-13 and ADAMTS-4/5 mRNA levels were analyzed by qRT-PCR. E and F. Ad-Flag-IL-33 (50 MOI) 
overexpression inhibited Caspase-3 expression in intervertebral disc degeneration (IDD) NP cells and stimulated 
Bcl-2 expression in IDD NP cells. Caspase-3 and Bcl-2 mRNA levels were measured by qRT-PCR. *P<0.05, **P<0.01.

Figure 3. IL-33 enhanced COLL II and aggrecan expression via HIF-1α. A. NP cells were infected with Ad-Flag-IL-33 or 
Ad-LacZ for 48 h. qRT-PCR was used to measure HIF-1α mRNA levels. B. NP cells were infected with Ad-Flag-IL-33 or 
Ad-LacZ for 48 h. Western blotting was used to measure HIF-1α protein levels. C. Analysis of IL-33-mediated modula-
tion of HRE-Luc luciferase reporter activity. D. NP cells were transfected with siIL-33 or siCTL for 48 h. HIF-1α mRNA 
levels were measured by qRT-PCR. E. NP cells were transfected with siHIF-1α or a siCTL control, and HIF-1α mRNA 
levels were measured by qRT-PCR. F. NP cells were transfected with siHIF-1α (100 nM) or siCTL (100 nM) for 24 h, 
and then the cells were infected with Ad-Flag-IL-33 or Ad-LacZ (MOI=50) for an additional 48 h. COLL II and aggrecan 
protein levels were analyzed by Western blotting. *P<0.05, **P<0.01, ***P<0.001.
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we demonstrated that siHIF-1α could decrease 
the level of HIF-1α mRNA in NP cells (Figure 
3D), and compared with the IL-33-enhanced 
group, the downregulation of HIF-1α decreased 
collagen II and aggrecan mRNA and protein lev-
els (Figure 3E and 3F).

IL-33 inhibition compromises ECM expression

NP cells were transfected with synthetic IL-33 
antisense oligonucleotides to confirm its regu-
latory effect on ECM expression. Figure 4A 
shows that siIL-33 specifically suppressed 
endogenous IL-33 expression by 50%. The 
Collagen II and Aggrecan mRNA levels in siIL-
33-treated NP cells were reduced (Figure 4B 
and 4C). Moreover, IL-33 inhibition in NP cells 
decreased the protein levels of HIF-1α, Collagen 
II and Aggrecan (Figure 4D). However, HIF-1α 
supplementation in NP cells compensated for 
the decrease in ECM induced by the loss of 
IL-33 (Figure 4E).

Aberrant expression of IL-33 and HIF-1α in the 
NP tissues of IDD patients

Since the decrease in HIF-1α expression in 
human or murine NP cells causes the downreg-
ulation of ECM expression [20], we further 
assessed the expression of HIF-1α and IL-33 in 
NP samples from IDD patients. IL-33 transcript 
and protein levels decreased gradually as the 
degeneration level increased (Figure 5A and 
5B). The mRNA and protein levels of HIF-1α 
were, as expected, seriously decreased by  
45% in NP tissues with IDD (Figure 5C). 
Moreover, as shown in Figure 5D, the transcrip-
tion levels of both genes were positively corre-
lated (r=0.534, P=0.05). In addition, immunolo-
calization analysis showed higher protein levels 
of IL-33 and HIF-1α in NP cells from normal indi-
viduals than those from IDD patients (Figure 
5E). These results suggested that the down-
regulation of IL-33 decreased HIF-1α expres-
sion in IDD patients, resulting in LBP.

Figure 4. IL-33 silencing attenuated COLL II and aggrecan expression in vitro. A. NP cells were transfected with siIL-
33 or a siCTL control, and IL-33 mRNA levels were measured by qRT-PCR. B and C. NP cells were transfected with 
siIL-33 or a siCTL control. COLL II and Aggrecan mRNA levels were measured by qRT-PCR. D. NP cells (from controls, 
n=5) were transfected with siIL-33 or a siCTL control (50 or 100 nM). Western blotting was used to measure COLL II 
and aggrecan protein levels. E. NP cells were transfected with siIL-33 (100 nM) or siCTL (100 nM) for 24 h, and then 
the cells were infected with Ad-Myc-HIF-1α or Ad-LacZ (MOI=50) for an additional 48 h. COLL II and aggrecan protein 
levels were analyzed. **P<0.01, ***P<0.001.
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Figure 5. Abnormal expression of IL-33 and HIF-1α in IDD patients. A. IL-33 and HIF-1α protein expression in normal (n=24) and IDD patients (grade II III IV V, each 
grade included 6 patients) (n=24) was examined by Western blotting. B. IL-33 expression was quantified in 48 samples, and the intensities were normalized to 
GAPDH. C. HIF-1α expression was quantified in 48 samples, and the intensities were normalized to GAPDH. D. Correlation between IL-33 and HIF-1α protein expres-
sion (r=0.534, P=0.015). E. Immunohistochemical analysis of NP tissues from control and IDD patients. The arrows indicate decreased IL-33 and HIF-1α conjugates 
in NP cells. **P<0.01, ***P<0.001, ****P<0.0001. Scale bar, 100 µm, represents 40 times magnification; Scale bar, 40 µm, represents 100 times magnification.
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Discussion

IDD is associated with patients who suffer from 
LBP. However, the exact pathogenesis of IDD is 
unclear. Inadequate IVD functions, including a 
reduction in NP cells, impaired ECM expres-
sion, elevated matrix enzymes and apoptosis, 
are known to be the main reasons for backache 
or limited labor associated with LBP [21, 22].  
In this study, we demonstrated that the down-
regulation of nuclear IL-33 impaired ECM pro-
duction by decreasing HIF-1α expression in NP 
cells, leading to IDD.

In previous studies, cytokines produced by NP 
cells have been studied. IL-1 expression is 
abnormally increased in IDD tissues and has 
been shown to suppress the expression of 
important ECM genes [23, 24]. In this study, we 
first confirmed that IL-33, a novel member of 
the IL-1 family, could induce ECM expression 
and prevent the IDD process by regulating 
matrix-degrading enzymes and apoptosis. IL- 
33 was first identified as NF-HEV in cells, and 
was later shown to be widely expressed in vari-
ous tissues. Human IL-33 is a protein consist-
ing of 270 amino acids and includes N-terminal 
and C-terminal domains. The N-terminal struc-
ture (AA 1-65) includes nuclear localization se- 
quences and chromosome binding regions; the 
C-terminal domain (AA 112-270) is a cytokine 
domain like that of IL-1. Since IL-33 lacks a sig-
nal peptide, it is localized in the nucleus. 
However, when the body encounters trauma or 
infection, IL-33 is released from the cell as a 
danger signal and plays a role as a cytokine like 
IL-1 [17, 25]. When IL-33 exerts cytokine activi-
ty, it forms a heterodimer by binding to its spe-
cific receptor ST2 to transmit signals down-
stream [26, 27]. As an active cytokine, IL-33 
abnormalities participate in the development of 
many diseases, including airway inflammation, 
arthritis, atherosclerosis, and others [28, 29]. 
However, in the present study, we found that 
IL-33 in NP cells induced ECM expression inde-
pendent of ST2. These results illustrated that 
IL-33 did not promote ECM formation through 
the same cytokine activity as IL-1. IL-33 is local-
ized in the nucleus and plays a dominant role.

Unlike IL-33 outside the cells, IL-33 in the 
nucleus plays a role that does not rely on ST2. 
There are several physiological mechanisms 
associated with nuclear IL-33: it affects the 

function of chromosomes through protein-pro-
tein interactions [30]; it binds to the transcrip-
tional repressor histone methyltransferase 
SUV39H1 as a transcription factor [31]; it in- 
hibits the activity of the transcription factor 
NF-κB through physical interactions; and it  
promotes the signal transduction of proinflam-
matory factors. In our study, we demonstrated 
that IL-33 affected ECM expression by upregu-
lating HIF-1α expression. Many studies have 
focused on examining the regulatory effects of 
cytokines on HIF-1α: NF-κB binds to sites in the 
HIF-1α promoter and regulates the transcrip-
tional activity of HIF-1α [32]. Transforming 
growth factor beta1 (TGF-β1) induces the stabi-
lization of HIF-1α through the phosphorylation 
of mothers against decapentaplegic homolog  
3 (Smad3) in periodontal ligament stem cells 
(PDLSCs) [33], and IL-4 downregulates HIF-1α 
expression, leading to the proangiogenic eff- 
ects of macrophages [34]. As a transcription 
factor, HIF-1α has been shown to participate in 
IDD development. When HIF-1α expression  
was knocked down, NP cells suffered from 
death, and ECM expression decreased, leading 
to IDD. Previously, we pointed out that several 
studies considered nuclear IL-33 to be a re- 
gulator of transcription factors. This prompted 
us to examine whether IL-33 regulated the tran-
scriptional activity of HIF-1α. In the future, fur-
ther research is needed to elucidate the mech-
anism by which IL-33 regulates HIF-1α.

Interestingly, there is feedback regulation 
between some cytokines and HIF-1α. IL-1β 
inhibits the differentiation of human FOXP3+ T 
cells by inducing HIF-1α [35]. On the other 
hand, the promotor region of IL-1β contains the 
transcriptional binding site of HIF-1α [36]. 
Therefore, HIF-1α regulates IL-1β expression 
and activity in many physiological contexts. 
Whether such feedback exists between IL-33 
and HIF-1α in IDD is unknown. A previous  
study demonstrated that in vascular endotheli-
al cells, IL-33 initiated vascular remodeling in 
hypoxic pulmonary hypertension by upregulat-
ing HIF-1α expression [37]. In inflammatory 
bowel disease, HIF-1α could induce IL-33 
expression in intestinal epithelial cells, contrib-
uting to mucosal homeostasis [38]. Further- 
more, some researchers have proposed that  
in rheumatoid arthritis, a regulatory circuit 
exists between HIF-1α and IL-33 [39]. These 
studies suggest that the regulatory relationship 
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between HIF-1α and IL-33 in IDD is complicated 
and requires further research. In addition, we 
only studied the mechanism in vitro, which is a 
limitation. In future research, we should per-
form in vivo experiments to clarify the patho-
genesis of IDD more clearly.
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