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Background. Diagnosis of intervertebral disc degeneration (IVDD) is challenging at the early stage. The cartilage oligomeric matrix
protein (COMP) and extracellular matrix degradation products of C-telopeptide of type II collagen (CTX-II) serve as markers for
the serological diagnosis of IVDD. Oxidative stress might cause IVDD and matrix degeneration. Methods. A total of 128 male adult
Sprague-Dawley (SD) rats were randomly and equally assigned to the experimental and control groups. The experimental group
was used to construct IVDD models by acupuncture, while the control group underwent sham operation. The animals were
executed every week for 8 weeks after intervertebral disc acupuncture, and serum samples were collected for the estimation of
CTX-II and COMP concentrations by enzyme-linked immunosorbent assay (ELISA). Also, the histological changes and caudal
magnetic resonance imaging (MRI) changes were examined in the intervertebral disc. Results. IVDD in rats worsened with
prolonged follow-up after acupuncture. At all the time points, the experimental group showed altered histological and caudal
vertebra MRI signals, and serum CTX-II and COMP concentrations were significantly greater than those of the control group.
These levels increase with the process of IVDD. Conclusion. Serum CTX-II and COMP estimation is a reliable method to

diagnose IVDD, and their concentrations show a positive correlation with the process of IVDD.

1. Background

Neck and lower back pain is the most common reason for
patients to seek medical advice. The pain in about 39% of
the patients is the result of intervertebral disc disorders [1].
Neck and lower back pain significantly lowers the work effi-
ciency and prolongs the working hours [2], posing heavy
medical burdens to the patients. Statistically, the lifetime
prevalence of neck and lower back pain is 84%, resulting in
disability in 11-12% of patients. The impact of this disability
on the medical industry is increasing, with a sharp increase in
treatment costs every year. The medical expense on neck and
lower back pain exceeds USD 200 billion every year [3, 4].
The treatment strategy for intervertebral disc degenera-
tion- (IVDD-) induced protrusion of the intervertebral disc
focuses on alleviating clinical symptoms. Spinal fusion is
the gold standard for the treatment of protrusion of the inter-
vertebral disc but causes degeneration at adjacent segments
and requires repeated surgeries in some patients. The recent
advances in biological therapies, including gene therapy,

stem cell-based tissue engineering, IVDD-regulating biologi-
cal factors, and microRNA therapy, prevent IVDD by pro-
moting extracellular matrix repair and regeneration. With
continuous breakthroughs in studies, these new therapies
could replace surgery as an early intervention of IVDD but
impose high requirements for the early diagnosis of IVDD.
The current diagnosis of protrusion of the intervertebral
disc at the neck and lower back is based on the consistent
findings in medical history, clinical physical examination,
and imaging examination; magnetic resonance imaging
(MRI) is an optimal noninvasive imaging method for a defi-
nite diagnosis [2, 5]. Furthermore, in clinical practice, IVDD
is graded according to different intervertebral disc signals
and heights in MRI findings but does not reflect the staging
of IVDD [6], and no diagnosis could be made at the early
stage of the pathological changes because histopathological
changes precede the imaging modifications. Further studies
on IVDD showed that IVDD patients had increased expres-
sion of extracellular matrix degradation products and some
inflammatory mediators in serum or urine. This increase
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was observed concurrently or before the pathological
changes of IVDD, which might serve as the potential molec-
ular markers than MRI findings in the early diagnosis of
IVDD. With the development of diagnostic technology, the
detection of molecular markers in blood or urine enables
the prevention, prognosis, and precise (grading and staging)
diagnosis of IVDD.

IVDD is closely related to intervertebral disc senescence.
Oxidative stress is the main factor that causes cell senescence.
ECM (extracellular matrix) destruction results in the loss of
normal biomechanical correlation between intervertebral
discs and accelerates disc degeneration. The levels of ECM,
type II collagen, and proteoglycan are critical for normal disc
function, especially in the nucleus pulposus [7].

C-telopeptide of type II collagen (CTX-II) is one of the
leading products of type II collagen degradation during
IVDD and is the degradation product of C-telopeptide, the
1/4 segment of type II collagen. The cartilage oligomeric
matrix protein (COMP) is a vital member of the platelet cad-
herin family discovered recently. It consists of five indepen-
dent subunits and is a pentameric protein linked by
disulfide bonds. Prof. Dick Heinegard [8] from Lund Univer-
sity, Sweden, first discovered and reported COMP in the car-
tilage tissues in 1992. COMP binds to type I collagen, type II
collagen, type IX collagen, fibromuscular fibroin, and proteo-
glycan and plays a key role in the composition, stability, and
water molecule transport of cartilage extracellular matrix.
Some studies [9, 10] have shown that CTX-II and COMP
are potential molecular markers for joint degenerative dis-
eases as detected by serology; however, the correlation
between CTX-II and COMP concentrations and IVDD is
yet unknown. To evaluate the value of serum COMP and
CTX-II as molecular markers for IVDD diagnosis, a longitu-
dinal analysis of the proteins in adult male rats during IVDD
was carried out, and the correlation between the concentra-
tions and histological and MRI changes in IVDD was
analyzed.

In addition, the concentration of MDA (malondialde-
hyde) and SOD (superoxide dismutase), oxidative stress
markers, was positively correlated with CTX-II and COMP.
The level of MDA was correlated positively with that of
CTX-II [11] and COMP [12], while the level of SOD [13]
was negatively correlated with that of CTX-II and COMP.

2. Methods and Materials

2.1. Animals. A total of 128 healthy adult Sprague-Dawley
(SD) male rats (200 £20g, 2-3 weeks old) were obtained
from the Animal Experiment Center of Tongji University
(Shanghai, China), because they have thick tails that are con-
venient for experimental operations and reducing opera-
tional error. Aged rats were excluded because they already
have spontaneous IVDD. None of the rats were administered
any drugs before the experiment. The rats were given at least
one week to acclimatize to the surrounding environment.
The rats were randomly grouped into the control and exper-
imental groups (n = 64/group). The control group was fur-
ther divided equally into 8 subgroups and fed normally.
The experimental group was also randomly and equally
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grouped into 8 subgroups and subjected to caudal interverte-
bral disc acupuncture for modeling after one week of adap-
tive feeding. Following acupuncture surgery, both groups
were free to move in the cages; their health status was
observed twice every day. This study was approved by the
Animal Ethics Committee of Shanghai East Hospital of
Tongji University.

2.2. Caudal Vertebra Acupuncture. The experimental group
(2-3 weeks old) rats were anesthetized by inhaled anesthesia:
induced anesthesia with 3-4% isoflurane and maintained
anesthesia with 1-2% isoflurane (flow rate 0.6-0.8 L/h). When
the anesthesia took effect, relevant sites were located anatom-
ically by X-ray, and the seventh and eighth in caudal vertebra
(Co7/8) segment of the intervertebral disc were marked in
the rats for subsequent experiments (Figure 1). In the caudal
vertebra acupuncture operation, the marked site was disin-
fected, the SD rat was placed in the prone position, and the
intervertebral disc was punctured with a no. 26 needle until
the needle reached the contralateral annulus fibrosus. Then,
the internal structure of the intervertebral disc was broken
by rotating the annulus fibrosus 360° clockwise, and the nee-
dle was left in the intervertebral disc for 30 min. Subse-
quently, the needle was taken out, the skin was disinfected,
and the rat was placed in the awakening room, as described
previously [14]. To evaluate the disc degeneration, one rat
was randomly selected from each of the eight experimental
groups postoperatively. These rats were euthanized for fur-
ther histological evaluation.

2.3. Hematoxylin-Eosin (H&E) Staining and Safranin O-Fast
Green FCF Staining. A total of 8 rats from the experimental
and control groups were sacrificed, respectively, every week
for 8 weeks after modeling by intervertebral disc acupunc-
ture. The caudal vertebra was cut open in each rat; the inter-
vertebral disc layer was removed, fixed in 10% buffer
formalin for 72 h, decalcified by EDTA (ethylenediaminetet-
raacetic acid) for 4 weeks, and stained with HE and safranin
O-fast green FCF. One pathologist not aware of the grouping
was engaged to evaluate the histopathological changes of the
intervertebral disc, as described previously [14].

2.4. CTX-II and COMP Concentration Measurement. A total
of eight rats with fasting overnight from the experimental
and control groups were sacrificed, respectively, every week
for 8 weeks after modeling by intervertebral disc acupunc-
ture. A blood sample of 5 mL was withdrawn from the eyeball
of each rat in the control or experimental group, and the
serum was collected by centrifugation at 2000 x g at room
temperature for 15min and stored at -80°C until further
use (CTX-II and COMP did not depend on the measurement
time). The serum COMP and CTX-II levels were estimated
by enzyme-linked immunosorbent assay (ELISA; rat serum
COMP detection kit and rat serum CTX-II detection Kkit,
Cosmo Bio, Carlsbad, CA, USA).

2.5. MRI Analysis. Eight animals from each group were sacri-
ficed, respectively, at every week for 8 weeks. All the animals
were subjected to caudal vertebra MRI on a Philips 1.5T
superconducting MRI  scanner to elucidate the
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FiGure 1: The model of caudal vertebrae was completed by
acupuncture. Caudal vertebra acupuncture: the experimental
group (2-3 weeks old) rats were anesthetized by inhaled
anesthesia: induced anesthesia with 3-4% isoflurane and
maintained anesthesia with 1-2% isoflurane (flow rate 0.6-0.8 L/h).
When the anesthesia took effect, relevant sites were located
anatomically, and the caudal vertebra Co7/8 segment of the
intervertebral disc was marked in the rats for the experiment. The
arrow indicated the segment for the acupuncture. All male rats
were selected to avoid the effect of estrogen on intervertebral disc
degeneration (n = 8 in each group).

morphological changes of the vertebral and coccygeal tissues
and the signal changes in the intervertebral disc reflected in
MRI. The MRI findings were read randomly and presented
by different imaging physicians in a single-blind manner
and analyzed using the computer image reading analysis sys-
tem (IMPAX 6.5.3.3009 Radiologist with QC). The high sig-
nal areas of the entire intervertebral disc were extracted. The
images were selected randomly, and each selected image was
measured three times.

2.6. Immunohistochemical Staining. A total of 8 rats in the
experimental and control groups were sacrificed, respec-
tively, every week for 8 weeks after modeling by interverte-
bral disc acupuncture. The caudal vertebra was cut open in

each rat, and the intervertebral disc layer was removed, fixed
in 10% buffer formalin for 72 h, and decalcified by EDTA for
4 weeks. The sections were deparaffinized and rehydrated,
and then, antigen was retrieved in the microwave for
15min each. Then, endogenous peroxidase activity was
blocked for 10 min by 3% hydrogen peroxide, and nonspe-
cific binding sites were blocked for 30 min at room tempera-
ture by 5% BSA. Then, the sections were incubated with
primary antibodies: MMP3 (ab268084, Abcam, Cambridge,
UK), aggrecan (ab216965, Abcam, Cambridge, UK), and
Col2al (ab188570, Abcam, Cambridge, UK) at 4°C over-
night, followed by secondary antibodies. Finally, the slides
were sealed and photographed under a microscope.

2.7. Statistical Analysis. Prism 5.0 (GraphPad Software Inc.,
San Diego, CA, USA) and SPSS 20.0 (SPSS Inc., Chicago,
IL, USA) software were used for statistical analysis. The mea-
surement data were expressed as mean + standard deviation,
and the enumeration data were evaluated by nonparametric
statistics. Chi-square and exact probability tests were used
to perform row-column (R x C) cross-tabulation. P < 0.05
indicated a statistical significance.

3. Results

3.1. MRI Findings Showed Increasingly Significant
Degeneration of the Acupunctured Segment in Rats over
Time. After modeling by acupuncture at the same site in
the caudal vertebra 7-8 (Co7-8), the rats were sacrificed every
week for 8 weeks and examined by MRI scan. The findings
showed that the degeneration of the acupunctured segment
in the rat worsened over time; the severity of IVDD
increased; the nucleus pulposus (NP) structure changed from
a uniform and bright white to uneven and black; the bound-
ary between NPC and annulus fiber disappeared; the MRI T2
phase changed from high signal to low signal, and the height
of the intervertebral disc decreased progressively (Figure 2).

3.2. H&E Staining and Safranin O-Fast Green Staining
Showed Severe IVDD in the Rats of the Experimental Group.
According to safranin O-fast green staining results, no signif-
icant difference was detected among different time points in
the control group. Moreover, the control group showed
intact NPCs in the intervertebral disc: a quasicircular central
NPC, a large number of notochord cells, a small number of
chondroid cells, and the peripheral annulus fibrosus
arranged in an annular manner with a distinct boundary with
the NPCs. Conversely, the experimental group showed varied
degeneration in the NPCs of the intervertebral disc: the
annulus fibrosus worsened over time, the inner fiber of the
annulus fibrosus twisted and protruded into the interverte-
bral disc with an unclear boundary with the NPCs and the
cracks inside NPCs, and the chondroid cells were replaced
by fibrocartilage cell and inflammatory cell infiltration. Con-
sistently, examination by H&E staining revealed that the
experimental group showed degeneration of the NPCs, and
the annulus fibrosus was manifested by annular disruption,
NPC herniation, endplate calcification and thickening,
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Ficure 2: MRI findings showed increasingly significant degeneration of the acupunctured segment in rats over time (n = 8 in each group).
1(C) and 1(E): 1-week flowing acupuncture in the control and experimental groups. 2(C) and 2(E): 2-week flowing acupuncture in the
control and experimental groups. 3(C) and 3(E): 3-week flowing acupuncture in the control and experimental groups. 4(C) and 4(E): 4-
week flowing acupuncture in the control and experimental groups. 5(C) and 5(E): 5-week flowing acupuncture in the control and
experimental groups. 6(C) and 6(E): 6-week flowing acupuncture in the control and experimental groups. 7(C) and 7(E): 7-week flowing
acupuncture in the control and experimental groups. 8(C) and 8(E): 8-week flowing acupuncture in the control and experimental groups.
The rats were sacrificed in each week until week 8, and all the injured segments were examined by MRI. The MRI findings showed that
the severity of IVDD (the nucleus pulposus (NPC) structure changed from a uniform and bright white to uneven and black, the boundary
between NPC and annulus fiber disappeared, the MRI T2 phase changed from high signal to low signal, and the height of the

intervertebral disc decreased progressively) increased over time from week 1 to week 8.

FIGURE 3: Safranin O-fast green staining showed severe IVDD in the rats of the experimental group. (a) The control group showed complete
NPCs in the intervertebral disc, a quasicircular central NPC, a large number of notochord cells, a small number of chondroid cells, and the
peripheral annulus fibrosus arranged in an annular manner with a clear boundary with the NPCs. (b) The experimental group (acupunctured
group) showed the annulus fibrosus disrupted and disorganized over time (the inner fiber of the annulus fibrosus twisted and protruded into
the intervertebral disc with an unclear boundary with the NPCs and the cracks inside NPCs) and the chondroid cells were replaced by
fibrocartilage cells and inflammatory cell infiltration. AF: annulus fibrosus; NP: nucleus pulposus; EP: endplate cartilage.
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FIGURE 4: H&E staining showed severe IVDD in the rats of the experimental group. (a) The control group showed no significant difference
was detected between different time points. (b) The experimental group showed the annulus fibrosus was manifested by annular disruption,
NPC loss, endplate calcification, and cell necrosis. AF: annulus fibrosus; NP: nucleus pulposus; EP: endplate cartilage. n = 8 in each group.

hyaline membrane thinning, and cartilage cell necrosis
(Figures 3 and 4).

3.3. Expressions of Aggrecan and Type II Collagen Decreased,
and the Expression of Matrix Metalloproteinase-3 (MMP3)
Increased with the Progress of IVDD. Immunohistochemical
staining results of aggrecan and type II collagen in the caudal
intervertebral disc of rats showed that NPC tissues were
absent or partially missing in the degenerative rats, and the
annulus fibrosus and endplate structure were damaged.
Aggrecan and type II collagen were clearly expressed in the
cytoplasm of the cartilage endplate, NPC, and annulus fibro-
sus, and the expression levels were higher in the normal
intervertebral disc than those in the degenerative groups.
The immunohistochemical staining results of MMP3 in the
caudal intervertebral disc of rats showed that NPC tissues
were absent or partially missing in the degenerative rats
and the annulus fibrosus and the endplate structure were
damaged. The expression of MMP3 was mainly expressed
in the cytoplasm, and the experimental group had a signifi-
cantly higher MMP3 expression than the control group.
These findings may indicate that type II collagen in the
NPC and annulus fibrosus was degraded and gradually
replaced by type I collagen with the progress of degeneration.
Moreover, the increased expression of matrix metallopro-
teinase (MMP) in the degenerated group suggested the
degenerated pathology during IVDD (Figure 5).

3.4. Serum CTX-II Concentration Increased with the Process
of IVDD. The experimental group showed an increase in
CTX-II concentration (pg/mL), which was 73.95+5.53,
90.71 £13.5, 74.48 +10.38, 87.35+20.256, 86.16 +15.95,
108.59 +17.45, 111.27 £ 15.08, and 119.16 + 6.95 at weeks
1-8, respectively. A statistically significant difference was
detected in the increase in CTX-II concentration between
the experimental and control groups (P <0.05, n=128)
(Figure 6, Table 1).

3.5. Serum COMP Concentration Increased with the
Development of IVDD. The experimental group showed an
increase in the COMP concentration (pg/mL), which was
41.71 £2.86, 51.94 £ 7.64, 53.37 + 6.3, 59.37 £ 6.3, 61.94 £

1.23, 62.63 +£8.24, 63.71 +3.52, and 65.95 +2.86 at weeks
1-8, respectively. A statistically significant difference was
detected in the increase in COMP concentration between
the experimental and control groups (P <0.05, n=128)
(Figure 7, Table 2).

3.6. Serum MDA Concentration Increased and SOD
Concentration Decreased with the Development of IVDD.
Reactive oxygen species (ROS) production is inevitable due
to the oxygen-utilizing metabolism of disc cells despite the
hypoxic microenvironment in IVDD. Reportedly, CTX-II
and COMP are closely related to oxidative stress, which was
further verified in IVDD based on the correlation study
between MDA and SOD and IVDD. We found a correlation
between the level of MDA and SOD and oxidative stress
markers with the development of IVDD. The serum MDA
concentration at 8 w after modeling was significantly higher
than that at 4w (n=3, *P <0.05) (Figure 8(a)), while the
serum SOD concentration at 8 w after modeling was signifi-
cantly lower than that at 4w (n =3, *P < 0.05) (Figure 8(b)).

4. Discussion

The spine is one of the load-bearing structures in the human
body, and the intervertebral disc is vital in maintaining
mechanical transmission and spinal movement in humans.
In this process, the extracellular matrix in the intervertebral
disc maintains the smoothness of the intervertebral disc car-
tilage structure and buffering forces. The intervertebral disc is
composed of the endplate cartilage, NPC, and annulus fibro-
sus. The extracellular matrix in the intervertebral disc is
mainly composed of proteoglycan and type II and type I col-
lagen, with proteoglycan as one of the critical components.
The serum CTX-II and COMP concentrations increase
in the experimental group with the development of IVDD.
Subsequently, the degeneration of the acupunctured segment
in the rat worsened, and CTX-II and COMP concentrations
were positively correlated with IVDD. Type II collagen is a
triple-helix protein composed of three identical polypeptide
chain-« chains and a significant macromolecule in the extra-
cellular matrix in the intervertebral disc. The initial form of
the a-chain is the a-chain precursor composed of the
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F1GURk 5: The expressions level of aggrecan and type II collagen decreased, and the expression of MMP3 increased with the progress of IVDD.
Immunohistochemistry showed that the expression levels of aggrecan and type II collagen are significantly decreased. Immunohistochemistry
showed that the level of MMP3 in the caudal intervertebral disc of (b) experimental rats is significantly increased than that of the (a) control

group.n = 8 in each group.

propeptides at the amino terminal and carboxy terminal, the
triple helix in the middle, and the telopeptide between the
propeptides and the triple-helix structure [15]. During mod-
ification, the propeptides at both terminals are hydrolyzed by
enzymes, leaving only the triple-helix structure and the telo-
peptide, which turn into collagen precursors that crosslinks
to form the collagen fiber network.

Type II collagen plays a critical role in maintaining struc-
tural stability and functional integrity of the intervertebral
disc "®). The degradation of the extracellular matrix is one
of the major pathological changes during IVDD, while the
degradation of type II collagen in NPC and the annulus fibro-
sus and its replacement by type I collagen are the leading
pathological manifestations of IVDD [16, 17]. Furthermore,
during IVDD, various MMPs, including MMP1, MMP3,
and MMP13, occur predominantly during the degradation
and change in type II collagen [18]. Under the effect of
MMPs, type II collagen is hydrolyzed and forms a type II
3/4 segment of 794-amino acid length and a type II 1/4 frag-
ment of 266 amino acids. Subsequently, the triple-helix struc-
tures of these two segments are uncoiled and further
degraded by other MMPs. The end products of type II colla-
gen mainly include CTX-II, type II neoepitope (TIINE), and

nitrated type II collagen-1 (Coll2-1NO2), among which
CTX-II is one of the main products of type II collagen in
the intervertebral disc degraded via MMPs and the degrada-
tion product of the telopeptide of type II collagen 1/4 seg-
ment at the carboxyl terminal [19]. Therefore, with the
development of IVDD, the external blood vessels expand
continually, releasing serum CTX-II into blood, which serves
as the theoretical basis for using serum or urinary molecular
markers to diagnose IVDD.

Current studies have shown that serum and urinary
CTX-II are potential molecular markers for osteoarthritis
and rheumatoid arthritis. Another study showed that the
expression of serum CTX-II was significantly increased and
positively correlated with MMP3 in rheumatoid arthritis,
deeming it as a vital indicator to judge the severity and prog-
nosis of rheumatoid arthritis [20-22]. Furthermore, serum
and urinary CTX-II concentrations were positively corre-
lated with the degree of surface cartilage destruction, K-L
score, and the degree of joint space narrowing in osteoarthri-
tis, indicating that CTX-II is an optimal molecular marker to
judge the prognosis of osteoarthritis [23]. In addition, serum
and urinary CTX-II concentrations have been shown to
gradually decrease, suggesting that these could be the
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FIGURE 6: Serum CTX-II concentration increased with the process
of IVDD. Group 1: 1-week flowing acupuncture in the control and
experimental groups. Group 2: 2-week flowing acupuncture in the
control and experimental groups. Group 3: 3-week flowing
acupuncture in the control and experimental groups. Group 4: 4-
week flowing acupuncture in the control and experimental groups.
Group 5: 5-week flowing acupuncture in the control and
experimental groups. Group 6: 6-week flowing acupuncture in the
control and experimental groups. Group 7: 7-week flowing
acupuncture in the control and experimental groups. Group 8: 8-
week flowing acupuncture in the control and experimental groups.
The level of CTX-II concentration is significantly increased with
time following injury. The concentration of CTX-II in groups 1-8
is listed in Table 1. A statistically significant difference was
detected in the increase in CTX-II concentration between the
experimental and control groups (P < 0.05) (n = 8 in each group).

TaBLE 1: The expression level of serum CTX-II in the control group
and the experimental group in each week following acupuncture.
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FiGure 7: Serum COMP concentration increased with the
development of IVDD. Group 1: 1-week flowing acupuncture in
the control and experimental groups. Group 2: 2-week flowing
acupuncture in the control and experimental groups. Group 3: 3-
week flowing acupuncture in the control and experimental groups.
Group 4: 4-week flowing acupuncture in the control and
experimental groups. Group 5: 5-week flowing acupuncture in the
control and experimental groups. Group 6: 6-week flowing
acupuncture in the control and experimental groups. Group 7: 7-
week flowing acupuncture in the control and experimental groups.
Group 8: 8-week flowing acupuncture in the control and
experimental groups. The level of COMP concentration is
significantly increased with time following injury. The
concentration of CTX-II in groups 1-8 is listed in Table 2. A
statistically significant difference was detected in the increase in
COMP concentration between the experimental and control
groups (P < 0.05) (n =8 in each group).

TaBLE 2: The expression level of serum COMP in the control group
and the experimental group in each week following acupuncture.

Time Control group Experimental group p Time Control group Experimental group p
CTX-II (pg/mL) (pg/mL) COMP (pg/mL) (pg/mL)

1w 65.59 +3.25 73.95+5.53 <0.05 1w 41.41 £4.39 41.71+2.86 >0.05
2w 75.66 + 3.80 90.71 £13.5 <0.05 2w 38.22+5.34 51.94 +7.64 <0.05
3w 70.18 £ 4.35 74.48 +10.38 <0.05 3w 40.32+4.3 53.37+£6.3 <0.05
4w 72.94 +5.39 87.35+£20.256 <0.05 4w 41.83+4.5 59.37+6.3 <0.05
5w 74.73 £ 4.18 86.16 £ 15.95 <0.05 5w 41.85+2.68 61.94+1.23 <0.05
6w 77.32+£8.47 108.59 £17.45 <0.05 6w 42.93+4.4 62.63 £8.24 <0.05
7W 72.4+6.54 111.27 +15.08 <0.05 7W 41.52+4.82 63.71 £ 3.52 <0.05
8w 73.95+5.5 119.16 £6.95 <0.05 8w 39.52+£5.59 65.95+2.86 <0.05

N =8 in each group. CI: 95% confidence interval.

potential markers for the treatment efficacy on osteoarthritis
[24] and rheumatoid arthritis [22, 25], as well as reliable
markers for recovery and healing. Similar conclusions have
been drawn on serum and urinary CTX-II concentrations
in IVDD. Garnero et al. [26] studied the urine of 324 post-
menopausal females and found that the urinary CTX-II con-
centration was between 166 and 299 ng/mmol and closely
related to the intervertebral space narrowing, knee osteoar-
thritis with clinical symptoms, and hand osteoarthritis. A

N =8 in each group. CI: 95% confidence interval.

recent study by Brayda-Bruno et al. [27] compared serum
vitamin D, CTX-I, and CTX-II concentrations in 79 males
with and without IVDD and found that active serum vitamin
D and serum CTX-II concentrations were rhythmically dis-
tributed over a year. Also, the serum CTX-I concentration
was positively correlated with the active serum vitamin D
concentration and negatively with serum CTX-II concentra-
tion, and the IVDD patients with osteochondrosis showed
that serum CTX-II concentration was significantly higher
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F1GURE 8: The serum concentration of MDA and SOD is increased with the extent of IVDD. (a) The serum MDA level in the control and
experimental groups at 4 weeks and 8 weeks following acupuncture. (b) The serum SOD level in the control and experimental groups at 4

weeks and 8 weeks following acupuncture (n =3, *P < 0.05).

than in those without IVDD and osteochondrosis. Meulen-
belt et al. [28] analyzed the urinary CTX-II concentration
in 302 patients and found that it was closely correlated with
knee osteoarthritis, hip osteoarthritis, and IVDD.

Recent studies have shown that COMP is correlated with
articular cartilage destruction and extracellular matrix degra-
dation. Some studies have shown that COMP is a bone
marker for knee osteoarthritis, hip osteoarthritis, and rheu-
matoid arthritis due to its correlation with cartilage destruc-
tion and matrix degradation. It can also be a critical
molecular marker to judge the prognosis and treatment effi-
cacy on knee and hip osteoarthritis. In the extracellular
matrix of the intervertebral disc, COMP binds to type II col-
lagen and proteoglycan to stabilize the cartilage collagen net-
work to maintain the integrity of the intervertebral disc [29].
Taken together, it could be deduced that COMP is a macro-
molecule released into the blood during cartilage matrix
destruction and degradation similar to CTX-II. Goode et al.
[30] analyzed the serum COMP, hyaluronic acid, and urinary
CTX-II concentrations in 547 patients and found that the
serum hyaluronic acid concentration is correlated to the
intervertebral space narrowing in females, the urinary CTX-
IT concentration is correlated with the intervertebral space
narrowing, and the serum COMP concentration is closely
correlated to the lower back pain induced by intervertebral
space narrowing.

Similar to osteoarthritis and rheumatoid arthritis, IVDD
is a degenerative disease of the cartilage manifested as extra-
cellular matrix degradation [31]. Therefore, CTX-II and
COMP, the molecules released into the blood after extracel-
lular matrix degradation, are potential molecular biomarkers
for IVDD. Several studies have focused on CTX-II and
COMP in osteoarthritis and rheumatoid arthritis [32], and
only a few have reported the specific correlation between
CTX-II and COMP. The liability of these molecules as the
clinical markers for IVDD needs further exploration in ani-
mal and clinical studies.

Oxidative stress is speculated as one of the causes of
IVDD. Reactive oxygen species (ROS) production is inevita-
ble due to oxygen-utilizing metabolism of disc cells despite
the hypoxic microenvironment in IVDD [33]. IVDD is
mainly caused by the changes in nucleus pulposus cells and

extracellular matrix. The destruction of ECM leads to the loss
of normal biomechanical correlations between intervertebral
discs and accelerates the degeneration of intervertebral discs
[34]. The degradation of proteoglycan decreases the osmotic
pressure of the ECM and the decrease in the NP water con-
tent in the nucleus pulposus. In NP, type II collagen is con-
verted to type I collagen [7]. Therefore, it can be concluded
that oxidative stress is closely related to the expression levels
of CTX-II and COMP during intervertebral disc degenerative
changes. Recent studies have shown that oxidative stress pro-
motes the production of apoptotic bodies (Abs) in endplate
chondrocytes in rats to increase the expressions of relevant
ossification genes, such as Runx2, in endplate chondrocytes
[35], and the expressions of type X collagen (ColX), Runx2,
osteoprotegerin, and alkaline phosphatase (ALP) were signif-
icantly higher in degenerative intervertebral discs than in
normal intervertebral discs, suggesting that IVDD involves
proliferative differentiation similar to that in advanced oste-
oarthritis [36]. The current study showed that the concentra-
tion of MDA and SOD, oxidative stress markers, was
correlated to the development of IVDD. The activity of
serum and intervertebral disc SOD decreased and MDA
increased gradually with disc degeneration [37]. Therefore,
the oxidative stress could be a reason for elevated CTX-II
and COMP. Watari et al. [11] demonstrated that the serum
MDA concentration was correlated to that of CTX-II con-
centration, but not to CPII concentration and significantly
correlated to the serum lipid (total cholesterol and triglycer-
ide) level and body weight. These findings indicated that oxi-
dative stress might be involved in the degradation of type II
collagen in the articular cartilage. Coustry et al. [38] utilized
MT-COMP pseudoachondroplasia (PSACH) mouse models
and found that the accumulation of misfolded COMP in
the endoplasmic reticulum of growth plate chondrocytes
resulted in premature death and loss of linear growth of
chondrocytes. Intriguingly, the premature death of chondro-
cytes was the result of activated oxidative stress and inflam-
mation via the CHOP-er pathway, which disrupted the
adipogenesis-osteogenesis balance. These phenomena sug-
gested that the increase in CTX-II and COMP concentrations
might be correlated with enhanced oxidative stress in the
intervertebral disc.
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Therefore, the detection of serum and urinary molecular
markers is a reliable method to diagnose IVDD. However,
IVDD is similar to degenerative diseases of the cartilage, such
as osteoarthritis, arising from extracellular matrix degrada-
tion and inflammatory responses. Thus, serum and urinary
molecular markers may not be specific for IVDD diagnosis,
thereby necessitating continuous anatomical and physiologi-
cal analyses of the intervertebral disc in osteoarthritis in sev-
eral clinical and animal experiments. Substances specific to
intervertebral disc tissues may be identified in future studies
based on the anatomy and physiology of the disc and empha-
size the significance of the diagnosis of intervertebral disc-
related diseases according to serum and urine detection
results.

5. Conclusion

CTX-II and COMP are potential indicators for IVDD in rats,
and their expression is a positive correlation with the degen-
eration extent of IVD.
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