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Abstract: Low back pain is a chronic disease associated with the degeneration of lumbar intervertebral disc (IVD).
The molecular and cellular basis of degenerate IVD disorder remains largely unclear. Using 2-D electrophoresis,
mass spectrometric analyses, database searching and western blot assay, we examined differential protein expression between normal surrogates and degenerated human nucleus pulposus (NP) cells. Ten protein spots with most
altered differential expression levels between normal surrogates and degenerated NP cells were identified. Among
these, five proteins showed decreased expression in degenerated NP cells, including SID 1 transmembrane family
member 2, isoform 1 of proteasome activator complex subunit 3, transaldolase 1, isoform 1 of 26S protease regulatory subunit 8 and guanylate cyclase soluble subunit beta-1. Conversely, five proteins showed increased expression
in degenerated NP cells including peroxiredoxin 2, superoxide dismutase, isoform 2 of neutrophil gelatinase-associated lipocalin, peroxiredoxin-4 and isoform 4 of Calumenin. Further, bioinformatics analysis hints that these differentially expressed proteins bear characteristics of membrane-like molecules with antioxidant function. Collectively,
differentially expressed proteins might serve as biomarkers of the degenerate IVD and help us to understand the
pathogenesis of IVD.
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Introduction
Lumbar intervertebral disc (IVD) degeneration
is a major cause of chronic low back pain,
accompanied by altered mechanical loading
responses [1]. At the cellular and molecular levels, IVD age-related degeneration is characterized by dysfunctional nucleus pulposus (NP)
and annulus fibrosus (AF) with significant changes in matrix structure, composition and cell
population, leading to the loss of proteoglycans
and limited self-repair capacities [1-3]. To date,
treatment options for degenerate IVD are very
limited due to poor understanding of the complex pathogenesis of IVD. Thus, identifying molecules that are involved in the process of
degenerated IVD may facilitate the design of
novel therapeutic strategies for the treatment
of this common medical condition.

The nucleus pulposus (NP) tissue consists of
multilayer cellular structures, transferring from
central jelly-like gel to peripheral fibrosus-like
tissue. The proteoglycan, collagen II and water
content of NP tissue are the major components
of NP, but are decreased in degenerative IVD
disorder with aging [4]. Loss of water, degradation of aggrecan molecules and collagen II are
commonly observed in NP tissues in pathological IVD conditions [5]. Poor functional consequences of IVD could result from the pathological alteration in structure and composition of
the extracellular matrix of the NP tissue [6].
However, molecules that are involved in the
degeneration processes of the NP cells in IVD
remain poorly understood.
In this study, we conducted comparative proteomic analysis using high-resolution 2-D elec-
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ophthalmic scissors, NP tissues were cut into 1 × 1 × 1
mm size, then digest by 10-mL
2% collagenase II, and stirred
for 60 min. NP tissues were
centrifuged at 1000 rpm for
10 min. The supernatant was
removed and added 1-mL
Dulbecco’s modified Eagle’s
medium containing 10% fetal
calf serum to disperse the
cells. Then NP cells were cultured with 6-mL Dulbecco’s
modified Eagle’s medium conFigure 1. Protein profile differences between normal and degenerated nutaining 10% fetal bovine
cleus pulposus (NP) cells. The pictures are representative silver-stained 2-D
serum at 37°C, saturated
electrophoresis maps of proteins from normal and degenerated NP cells.
humidity, and 5% CO2 in a T25
Ten differentially expressed spots identified by MALDI-TOF MS and tandem
tissue culture flask for 3 days.
mass spectrometry scanning are marked with numbers.
This work was consent by the
patients and approved by the
trophoresis gels, mass spectrometric analyses,
ethics committee of Guangzhou Red Cross
and protein database searching. We identified
Hospital (Gzrc.0127).
several proteins that exhibit significantly altered
RPMI medium 1640 (GIBCO, USA), North
expression levels between normal surrogate
American fetal bovine serum (GIBCO, USA),
and degenerated NP cells. Collectively, these
RIPA cracking solution (Bebb, Shanghai, China),
proteins represent membrane-like proteins and
BRADFORD Protein Quantification Kit (Bio-Rad,
antioxidant functions of NP cells. These results
USA), Penicillin Streptomycin Solution double
might help improving our understanding of the
antibody (GIBCO, USA), Purine (ACROS, USA),
pathogenesis of NP cell degeneration at the
molecular level. The key molecules identified
0.25% trypsin (SIGMA, USA), Acetone (-20 C pre
from this work might also serve as therapeutic
cold) (Guangzhou chemical reagent factory,
targets for the development of treatment stratChina), dithiothreitol (SIGMA, USA), IPG Buffer
egies for degenerated IVD disorders.
(Bio-Rad, USA), Bromine phenol blue (BPB) (Shanghai Shi Feng Biotechnology Co., Ltd., China),
Materials and methods
30% acrylamide monomer storage (SIGMA,
USA), Ammonium sulfate (AP) (SIGMA, USA), N,
Culture of normal and degenerated NP cells
N, N’, N’-four methyl ethylenediamine (TEMED)
(SIGMA, USA), Water saturated butanol (GuangNormal surrogate NP cells were isolated from
zhou chemical reagent factory, China), Tris-HCl
three patients who were performed orthopae(pH 8.8) (SIGMA, USA), Iodoacetamide IAA (SIGdic surgery for scoliosis (one patient was 15
MA, America), Ethanol (Tianjin chemical reagent
years old and two patients were 13); degenerfactory, China), Glacial acetic acid (Guangzhou
ated NP cells were received from three patients
chemical reagent factory, China), NaS2O3●5H2O
who were performed orthopaedic surgery for
(Guangzhou chemical reagent factory, China),
lumbar disc herniation (one patient was 70
Silver nitrate (Guangzhou chemical reagent facyears old and two patients were 65). The degentory, China) were used for the experiment.
eration grade of all samples were histologically
assessed with the method of Sive et al. [7].
Preparation of isoelectric focusing
Three degenerated discs were defined as histological grades 8, 9, and 10 while three normal
150 μg of protein was taken from two groups,
discs were defined as histological grade 1
added into 250 μL of buffer and fully mixed.
according to the method of Sive et al. [7]. The
After the refrigeration, dry rubber strip was
NP tissues were soaked in saline containing
penicillin-streptomycin antibiotics for 10 min
rewarmed. The adhesive tape was removed
right after removed from patients. Using the
from the samples with isoelectric focusing
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Table 1. Identification results of proteins differentially expressed in normal and degenerated nucleus
pulpusus cells
Spot
Protein name
noa
1
SID 1 transmembrane family
member 2 (SIDT2)
2
Peroxiredoxin 2, isoform CRA-a
(PRDX2)
3
Superoxide dismutase (SOD)
4

UniProtKB
Theoretical Measured
Peptide Protein
accession no. MW(KDa)/PI MW(KDa)/PI count score (CI)

-Fold
changeb

E9PMC3

12.51/9.63 12.50/9.63 11

90 (100%)

-4.2

A6NIW5

15.14/5.83 17.46/6.12

18

228 (100%) 2.3

B3KUK2

19.73/7.81

6

81 (100%)

6

Isoform 2 of Neutrophil gelatinP80188-2
ase-associated lipocalin (NGAL2)
Isoform 1 of proteasome activaP61289-1
tor complex subunit 3 (PSME3)
Transaldolase (TALDO)
F2Z393

7

Peroxiredoxin-4 (PRDX4)

8
9

Isoform 4 of Calumenin (CALU4) O43852-4
Isoform 1 of 26S protease reguP62195-1
latory subunit 8 (PRS8)
Guanylate cyclase soluble subB7Z426
unit beta-1(ß1-sGC)

5

10

Q13162

19.83/7.41

2.9

22.46/9.34 22.56/9.33 7

239 (100%) 2.1

29.51/5.69 29.60/5.69 6

266 (100%)

35.33/9.07 35.53/8.81 10

78 (100%)

-3.8

30.54/5.86 36.11/5.96 4

68 (100%)

3.2

38.17/4.41

39.17/4.61

6

206 (100%) 2.0

45.63/7.11

42.93/7.52

6

72 (99.4%) -5.3

68.16/5.22 68.98/5.23 6

225 (100%) -6.6

-2.9

a, Spot numbers are shown in Figure 1. b, The spot intensities were quantified using PDQuest software (Bio-Rad). The average
fold change of spot intensity for each protein was calculated from three independent experiments (degenerate nucleus pulposus
cells compare to normal nucleus pulposus cells). -, decrease. P value between two groups were <0.05.

Figure 2. Identification of isoform 4 of Calumenin (spot 8) by MALDI-TOF MS analysis. MALDI-TOF MS spectrum of
isoform 4 of Calumenin labelled with detected masses and peptide assignments. The precursor ion 954.476 m/z,
highlighted by an open circle, was submitted for tandem mass spectrometry scanning.

groove, evenly covered with the bottom. The
supported film was placed at the beginning of
the acidic end (a word end), gently tear covering
film. In the face down, the acidic end was placed
at the top in the isoelectric focusing. A good
adhesive was put after the addition of 1.2 mL
cover oil on the support film moisture. The iso-
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electric focusing instrument was employed and
the temperature was set to 20°C.
Electrophoresis
Electrophoresis tank was joined for the electrophoresis liquid, low melting point of fat sugar,
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Figure 3. Tandem mass spectrometry spectra of the precursor ion 954.476 m/z for isoform 4 (CALU) of Calumenin
show a characteristic profile of CALU.

and the upper layer of the upper layer electrophoresis. The glass plate was removed from
the glue device, and placed into the electrophoresis tank. Electrophoresis tank was covered at
the top with electrophoretic liquid before the
middle clapboard, and connected to the electrode before the beginning of electrophoresis.
Fixation
A plastic ruler was used and the glass plate
Alice was gently removed from the glue, pulling
the rubber surface and agarose, a small angle
was cut in the rubber surface acidic end with
a plastic ruler. The glass plate surface was
washed and the rubber surface with deionized
water was transferred to the dyeing adhesive
plate. The plate was placed on the table vibration level which was fixed, at room temperature
for 2 h.
Sensitization
After the rubber block fixing was completed,
the staining tray was removed, and then poured
into the liquid, per disc with 250 ml sensitizing
solution. After staining, the disc was arranged
on a horizontal shaker vibration, at a room temperature sensitization for 1 h.
Rinse
After the completion of sensitization, the disc
staining was removed, each dish was added for
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250 ml of ultrapure water for 10 min. Vibration
plate was arranged at the level of shaking, and
then it was rinsed four times.
Silver stain
Silver staining solution was prepared to avoid
the backup, after rinsing, the disc staining was
removed, and 250 ml of silver staining solution
was added, staining disc was arranged on a
horizontal shaker vibration for 2 h.
According to the formula of color liquid, Formaldehyde Solution was added before use. The
terminal solution was added to a color liquid
and vibrated for 30 min, rinsed with water for
30min, and repeated twice.
Scanning
The rubber block was removed. Image scanner
was placed in the direction of gel. The gule
piece of plastic wrap was scaled and stored in
the refrigerator at 4°C.
Image analysis
PDQuestTM 2-D (V 8.0; Bio-Rad) and quantity
one software (Bio-Rad) for image analysis,
image of the scan after editing, point detection,
matching, strength analysis, corresponding gel
was matched for comparison and analysis, we
set gel strength 2 times threshold as significant
differences.
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Figure 4. Western blot was used to confirm the MS/MS results. The results
showed that the differential expression of the proteins in degenerated NP
cells compared to normal NP cells was consistent with the MS/MS results.

Matrix-assisted laser desorption/ionization
time of flight mass spectrometry and MS/MS
spectrometry analysis
For acquisition of mass spectra, 0.5-lL peptide
solution was mixed with 0.5-lL matrix (4-mg/mL
a-cyano-4-hydroxylcinnamic acid in 1% trifluoroacetic acid and 35% acetonitrile) before spotting onto the MALDI plate. Mass spectrometric
analyses were performed on a MALDI-TOF/TOF
MS/MS ABI 4700 proteomics analyser (Applied
Biosystems, Shanghai, China). Briefly, MS/MS
spectra were obtained by collecting 3000 laser
shots with a default calibration. The MS/MS
peaks were detected on a minimum signal-tonoise (S/N) ratio >3 and a cluster area S/N
threshold >15 with smoothing. The MS peaks
(MH+) were detected on a cluster area S/N
threshold >25 and a minimum S/N ratio >20
without smoothing and raw spectrum filtering.
The precursor ions with a minimum S/N ratio of
50 were selected for MS/MS scanning.
Western blotting
To confirm the expression of proteins, Western
blotting was used. After separated in 10% sodium dodecyl sulphate polyacrylamide gel elec16176

trophoresis gel by electrophoresis (90 V, constant voltage)
for 120 min, the proteins were
transferred to a 0.45-mM
PVDF membrane. Following
transferring, the membranes
were incubated with antiSIDT2 (1:500 dilution), antiPRDX2 (1:500 dilution), antiSOD (1:500 dilution), antiNGAL2 (1:500 dilution), antiPSME3 (1:500 dilution), antiTALDO1 (1:500 dilution), antiPRDX4 (1:500 dilution), antiCALU4 (1:500 dilution), antiPRS8 (1:500 dilution), antiβ1-sGC (1:500 dilution), and
anti-mouse-HRP (1:3000 dilution) antibodies, which were
all purchased from Abcam
(Cambridge, MA, USA). ECL
reagents were used to detect
the western blot signals.
Results

Ten most differentially expressed protein spots
were obtained
We conducted comparative proteomic analysis
to examine the differential expression of proteins between normal surrogate and degenerated human NP Cells. Figure 1 shows a comparative layout of stained 2-DE gels with expressed protein spots of NP cells from the
experimental group and control group; respectively (Figure 1). A total of 425 ± 33 protein
spots were detected in normal surrogates and
degenerated NP cells. Ten most differentially
expressed protein spots in NP cells were identified in the gels between normal surrogates and
degenerated NP cells (Figure 1), and selected
for further MALDI-TOF MS analysis.
To examine the identity of these differentially
expressed proteins, protein spots were isolated
from the Coomassie Blue-stained gels and subjected to in-gel tryptic digestion. The digested
peptides were quantitatively analyzed by
MALDI-TOF MS. Protein database with the
SEQUEST search program was used to match
the MS/MS-identified candidates. We found
that five proteins were decreased in the degenerated NP cells as compared to normal surroInt J Clin Exp Med 2017;10(12):16172-16180
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Figure 5. Bioinformatics analysis is performed to examine the cellular component and predicted molecule function
of 10 identified proteins linked with the uniprot ID. (A) Levels of enriched cell component and (B) levels of enriched
molecular function were recorded.

gate NP cells. These include SID 1 transmembrane family member 2, isoform 1 of proteasome activator complex subunit 3, transaldolase
1, isoform 1 of 26S protease regulatory subunit
8 and guanylate cyclase soluble subunit beta-1.
Additionally, five proteins were increased in the
degenerated NP cells as compared to normal
surrogate NP cells. These include peroxiredoxin
2, superoxide dismutase, isoform 2 of neutrophil gelatinase-associated lipocalin, peroxiredoxin-4 and isoform 4 of Calumenin. The ten
identified spots with their summary scores, relative volume, etc. are presented in Table 1.

fold changes from the MS/MS analysis were
summarized in Table 1.
Western blot analysis of the ten proteins
To further confirm the differential expression of
proteins, western blot analysis was used with
specific antibodies to each of these identified
proteins (Figure 4). The results showed that the
differential expression of proteins in degenerated NP cells compared to normal surrogate NP
cells were consistent with the MS/MS results
(Table 1, Figure 4).

MS/MS analysis of the ten proteins

Bioinformatics analysis of the ten proteins

All protein spots were then subjected to further
analysis by using MALDI-TOF MS. As an example, Figure 2 shows the characteristic profile of
CALU (spot 8) by MALDI-TOF MS analysis, showing MALDI-TOF MS spectrum of CALU labelled
with masses detected and peptide identity
assignments. The precursor ion 954.476 m/z,
highlighted by an open circle, was submitted for
MS/MS scanning. Figure 3 shows MS/MS
spectra of the precursor ion 954.476 m/z for
CALU. The differentially expressed proteins by

Bioinformatics analysis was performed to examine the cellular component and predicted
molecule function of 10 identified proteins
linked to the uniprot webpage with the uniprot
ID. We could see that the membrane-like protein was accounted for 50%, and with the antioxidant functions. Organelle lumen protein,
proteasome activator complex protein, proteasome accessory complex protein, intracellular
organelle lumen protein, nuclear part protein,
cytosol protein, nucleoplasm protein, nucleo-
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plasm protein and nuclear lumen protein were
accounted for 25%. The function of these proteins was included peroxiredoxin activity,
MDM2/MDM4 protein binding, p53 binding,
macromolecule transmembrane transporter
activity, peptidase activator activity, nucleobase-containing compound transmembrane
transporter activity, endopeptidase activator
activity, nucleic acid transmembrane transporter activity, and RNA transmembrane transporter activity. The results revealed that membranelike proteins and antioxidant functions of NP
cells are predominantly affected in degenerated NP cells among these differentially
expressed proteins (Figure 5).
Discussion
In this study, we identified that five proteins
were decreased in degenerated NP cells as
compared to normal surrogates NP cells, including SID 1 transmembrane family member
2, isoform 1 of proteasome activator complex
subunit 3, transaldolase 1, isoform 1 of 26S
protease regulatory subunit 8 and guanylate
cyclase soluble subunit beta-1. In contrast, five
proteins were increased in degenerated NP
cells as compared to normal surrogates NP
cells, including peroxiredoxin 2, superoxide
dismutase, isoform 2 of neutrophil gelatinaseassociated lipocalin, peroxiredoxin-4 and isoform 4 of Calumenin. Our study suggests the
potential value of these differentially expressed
proteins as potential biomarkers for the diagnosis of degenerative IVD. It also indicates the
possible involvement of these proteins in the
pathophysiological processes of IVD degeneration.
Among five proteins that display a decreased
expression profile in degenerated NP cells,
β1-sGC is the mammalian receptor of the endogenous messenger nitric oxide (NO) and catalyzes the formation of the second messenger
cGMP from GTP after activation by NO binding
expressed in different cell types. It plays an
important role in the regulation of lung airway
relaxation, vascular blood pressure, and immune response [8]. Change of the expression
level of β1-sGC may suggest an involvement of
G proteins of the transmembrane signaling systems in degenerated NP cells. SIDT2 functions as a channel capable of transporting
dsRNA into cells in Drosophila cells [9]. The
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change of SID-1 may suggest an involvement of
signal transport process in degenerated NP
cells. PSME3 is the subunit of the 11S REGgamma proteasome regulator associated with
the proteasome and may be involved in cell
cycle regulation [10, 11]. The decreased expression of PSME3 in the degenerated NP cells suggests that during the NP cells’ degeneration,
the proteasome-mediated apoptosis rate might
be increased. Transaldolase (TALDO1) has
been found in archaea, bacteria, and eukarya.
It is an enzyme of the pentose phosphate pathway (PPP) which transfers a dihydroxyacetone
group from donor compounds (fructose 6-phosphate or sedoheptulose 7-phosphate) to aldehyde acceptor compounds [12]. The decreased
expression of TALDO1 in the degenerated NP
cells might imply an important role of the balance of metabolites in the pentose-phosphate
pathway in the NP cells degeneration.
Among five proteins that exhibited an increased
differential expression profile in degenerated NP cells, PRDX2 belongs to a ubiquitous family of multifunctional antioxidant thioredoxindependent peroxidases which can reduce H2O2
and hydroperoxides into water and alcohol [13,
14]. The altered expression of the oxidation
and antioxidant proteins in the degenerated NP
cells suggests that responses to reactive oxygen species might contribute to the NP cell
degenerative processes. PRDX4 regulates the
activation of NF-kB in the cytosol through a
modulation of I-kappa-B-alpha phosphorylation
which is probably involved in redox regulation of
the cell [15, 16]. Until now, there has been
no report about the altered expression of these molecules in the degenerated NP cells. The
increased expression of PRDX4 may reveal its
possible involvement in the pathogenesis in
degenerated NP cells. NGAL2 plays a role in
innate immunity, possibly by sequestrating
iron, leading to limitation of bacterial growth
[17]. The altered expression of this protein may
suggest an involvement of iron-trafficking
machinery in degenerated NP [18]. Change of
the expression level of CALU may alter the regulatory machinery in degenerated NP cells.
Conclusions
In summary, we identified differentially expressed proteins in degenerated NP cells. These
molecules might play an important role in the
pathogenesis of IVD degeneration, and potentially serve as biomarkers for the diagnosis of
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degenerative IVD. These proteins appear to
represent predominantly membrane-like proteins and antioxidant functions of NP cells
based on bioinformatics analysis. Future studies integrating functional and mechanistic analyses are needed to improve our understanding
of the role of these molecules involved in the
pathogenesis of degenerated IVD.
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