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Background: The macrophage inflammatory protein-1o. (MIP-10), also named chemokine
cytokine ligand 3 (CCL3), has been detected in nucleus pulposus and increased following
cytokine stimulation.

Obijective: The current study was performed to explore the relationship between serum CCL3/
MIP-1a levels with lumbar intervertebral disk degeneration (IDD).

Patients and methods: A total of 132 disk degeneration patients confirmed by magnetic
resonance imaging and 126 healthy controls were enrolled in the current study. Radiological
evaluation of the IDD was conducted using a 3.0-T magnetic resonance imaging scanner for
entire lumbar vertebra region. Degeneration of intervertebral disk was assessed by Schneider-
man criteria. Serum CCL3/MIP-1o levels were investigated using a sandwich enzyme-linked
immunosorbent assay. The Visual Analog Scale scores and Oswestry Disability Index index
were recorded for clinical severity.

Results: Elevated concentrations of CCL3 in serum were found in IDD patients compared
with asymptomatic volunteers. The case group included 49 IDD patients with grade 1, 42 with
grade 2, and 41 with grade 3. Grade 3 and 2 had significantly higher CCL3 concentrations in
serum compared with those with grade 1. The serum CCL3 levels were positively related to the
degree of disk degeneration. In addition, the serum CCL3 levels also demonstrated a significant
correlation with the clinical severity determined by Visual Analog Scale scores and Oswestry
Disability Index index.

Conclusion: Serum CCL3 may serve as a biomarker of IDD.

Keywords: chemokine cytokine ligand 3, intervertebral disk degeneration, cross-sectional study

Introduction

Low back pain (LBP) has an extremely high incidence. It is estimated that nearly 84%
of the worldwide population experience LBP during their lifetime, with 10% being
chronically disabled.! LBP severely influences the work and impairs the quality of life,
resulting in significant social and economical burdens.? The etiological factors of LBP
are various, among which, lumbar intervertebral disc degeneration (IDD) is a leading
cause of lumbar spine-originated LBP?

Disk degeneration is characterized by a loss of cellularity and degradation of the
extracellular matrix resulting in morphologic changes and alterations in biomechanical
properties.* Several imaging techniques have been utilized to detect IDD. Radiography
and conventional computed tomography and magnetic resonance imaging (MRI) are
the three common imaging methods for evaluation of disk morphology and reac-
tive bony changes.>” However, the biochemical events during early IDD, including

submit your manuscript
Dove

http:

Journal of Pain Research 2018:11 497-503 497
© 2018 Thang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

TACM php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (ttps://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
mailto:zzhsmu@yeah.net

Zhang et al

Dove

the breakdown of large aggregating proteoglycan gels and
extracellular matrix degradation, occur before the morpho-
logic changes and alterations in biomechanical properties.
In addition, there are currently no definite ways to instantly
monitor the condition of disk degeneration.® Therefore, it is
necessary to seek more effective, reliable, and rapid methods
to monitor early disk degeneration.

Biomarker is objectively measured and evaluated as an
indicator of normal biologic processes, pathogenic processes,
or pharmacologic responses to a therapeutic intervention.’
The use of biomarkers in various fields in the past decades
has been widely proposed. When referring to disk degen-
eration, analysis of biomarkers could serve as a clinically
relevant method before signs of degeneration are visible by
radiology assessment.!

Chemokines consist of a large family of small proteins
and generally have a low molecular weight ranging from 7 to
15 kDa and were first described as chemoattractant cytokines
synthesized at sites of inflammation and are the regulatory
proteins for leukocyte recruitment and trafficking.!! Chemo-
kines are subdivided into four subfamilies, C-, CC-, CXC-,
and CX3C-chemokine, based on the number and spacing
of the first two cysteines in a conserved cysteine structural
motif.'? Chemokines have been reported to participate various
inflammation and autoimmune disease including osteoarthri-
tis, theumatoid arthritis, etc.!*> Recently, chemokines have
also been detected in tissue and serum in disk degeneration
disease,'*!> and may exert a pivotal role in disk degeneration.
Macrophage inflammatory protein-1o. (MIP-1q, also known
as CCL3) is a member of the CC chemokine family. CCL3
has been extensively studied since its initial identification
as a macrophage-derived inflammatory mediator.'® In one
previous study, CCL3 has been detected in herniated interver-
tebral discs,'” and the expression and activity was related to
fibroblasts, endothelial cells, and infiltrating macrophages in
the granulation tissues.!” In another bioinformatic analysis of
the microarray data on the gene expression profiles of degen-
erative intervertebral disc cells after exposure to TNF-q.,
CCL3 was shown to play a crucial role in the development
of the disc degeneration.

All these studies above suggest that CCL3 may play an
important role in disc degeneration. To our knowledge, there
were no studies available illustrating the relationship between
serum CCL3 concentrations and disease severity in IDD.
Therefore, we intended to investigate the serum expressions
of CCL3 in IDD patients and their association with clinical
severity, to determine whether CCL3 could be used as a rapid
and novel biomarker for diagnosis of disc degeneration.

Patients and methods

Study patients

From July 2016 to August 2017, a total of 132 patients diag-
nosed with lumbar IDD were enrolled in the current study.
This study was approved by the ethics committee of Southern
Medical University. The inclusion criteria of patients were the
presence of significant back pain, which was defined as a pain
in the low back for >2 weeks and severe enough to require
physician consultation or treatment.!”” Moreover, inclusion
criteria of asymptomatic volunteers were done based on a
report by Pfirrmann,?® who observed the process of normal
aging in the lumbar disks, as follows: 1) no back pain within
the last 3 years; 2) never absent from work because of LBP;
3) no history of consulting a physician because of LBP. One
hundred and twenty six sex- and age-matched healthy volun-
teers receiving body check were recruited as controls. All the
patients and healthy control individuals signed the informed
consent form approved by the university ethics committee.
The study design was in accordance with the Declaration of
Helsinki guidelines.

Laboratory investigation

Peripheral venous blood was obtained from the antecubital
vein following a 12 hours fasting period. Blood was col-
lected using EDTA as an anticoagulant and centrifuged for
15 minutes at 1,000 g within 30 minutes of collection. Serum
samples were aliquoted and stored at —80° until use. CCL3
concentrations in serum were examined using the human
CCL3 Quantikine ELISA Kit (R&D Systems, Minneapolis,
MN, USA) according to the manufacturer’s instructions.
Briefly, standards of recombinant human CCL3 and serum
samples were added to 96-well microtiter plates precoated
with mouse monoclonal antibody against CCL3 and incu-
bated for 2 hours at room temperature. The wells were then
washed four times with washing buffer and incubated for 2
hours at room temperature with a horseradish peroxidase-
conjugated goat polyclonal antibody against CCL3. After
four washes, substrate solution was added to each well, and
the plate was incubated for 30 minutes at room temperature
in the dark. Finally, the reaction was stopped with the stop
solution and absorbance was measured at 450 nm using an
automated microplate reader. Recombinant human CCL3
was used to generate a linear standard calibration curve. All
examinations were repeated at least three times.

Radiological evaluation
All participants underwent whole spine T2-weighted sagit-
tal MRI without fat suppression. The MRI protocol was
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as follows: 5 mm slice thickness, 1 mm slice gap, FOV of
280x240 mm?, and a matrix of 448x336. The degree of
discs degeneration of the lumbar spine (L1-S1) was assessed
according to the Schneiderman criteria*' for disc degenera-
tion. This grading system scores from level 0 to 3: 0 level
means no degeneration denoted by high signal intensity of the
disc; 1 level represent mild degeneration with slight decrease
in signal intensity of the nucleus pulposus; 2 levels indicate
moderate degeneration with generalized hypointensity of
the nucleus pulposus (black disc) with normal disc height;
and 3 levels suggest severe degeneration (black disc) with
disc height narrowing. Based on this classification scheme,
each of the five lumbar discs was assigned a grade (potential
range: 0-3). The results of MRI evaluation were read by two
radiology experts. The reliability of the MRI evaluations
was assessed using agreement percentage and Kappa sta-
tistics. The agreement was rated as follows: Kappa value =
0-0.2 indicated slight agreement, 0.21-0.4 fair agreement,
0.41-0.60 moderate agreement, 0.61-0.8 substantial agree-
ment, and 0.81 upward excellent agreement.

Evaluation of symptomatic severity

The symptomatic severity was evaluated by Visual Analog
Scale (VAS) score to assess degree of pain and Oswestry
Disability Index (ODI) index to evaluate functional disability.
For VAS score, all the patients were asked to rate their pain
intensity on a 10 cm VAS with end points “no pain” and
“worst possible pain.” The Oswestry Low Back Pain Dis-
ability Index is a 10-item self-assessing questionnaire, and
each item contains 6 levels of answers that can be scored
from 0 to 5. These items are: pain, personal care, lifting and
moving objects, walking, sitting, standing, sleep disorders
caused by the LBP, sex life, social life, and traveling. A
total score is calculated, and percentage of disability (score
obtained divided by 50 and multiplied by 100) ranges from 0
(no disability) to 100 (complete disability). The interpretation
of this scale is based on the scores: from 0 to 20: minimal

Table | Baseline clinical characteristics

disability; from 20 to 40: moderate disability; from 40 to
60: severe disability; from 60% to 80% crippling LBP; and
beyond 80: the person is confined to bed.?

Statistical analysis

Statistical calculations and analysis were carried out using
GraphPad Prism 6.0 (GraphPad Software, La Jolla, CA,
USA). The basic data were expressed as mean + SD. The data
of CCL3 levels were presented as mean + standard error of
mean. We determined the differences in CCL3 levels between
the control and disease groups using Student’s ¢-test or
Mann—Whitney test. The Kolmogorov—Smirnov test was used
to examine the normality of the distribution. The Spearman
correlation test (nonparametric) was employed to examine the
relationship between serum CCL3 concentrations and MRI
grade of disc degeneration as well as VAS score and ODI
index. P-values less than 0.05 were regarded as significant.

Results

Baseline characteristics

All data were obtained from a total of 132 patients including
67 men and 65 women (age ranging from 20 to 57 years) and
126 healthy controls including 63 males and 63 females (age
ranging from 21 to 60 years). As shown in Table 1, there were
no significant differences in baseline characteristics between
IDD patients and healthy controls (P>0.05) including age, sex
distribution, height, and body mass index (Table 1). Elevated
levels of CCL3 in serum were found in IDD patients com-
pared with healthy controls (277.314.3 pg/mL vs 150.2+2 .4
pg/mL, P<0.001) (Figure 1).

Serum CCL3 levels in IDD patients with
MRI severity defined by Schneiderman

criteria

The x value for radiographic assessment was 0.77 fol-
lowing evaluation. The CCL3 concentrations in serum of
IDD patients with different Schneiderman MRI grades are

Items IDD patients (n=132) Healthy controls (n=126) P-value
Age (years) 40.3%1.1 41.2+0.6 0.278
Sex (F/M) 65/67 63/63 0.903
BMI (kg/m?) 22.140.2 22.310.3 0.461
VAS score 3.610.1

ODI index 24.110.7

Schneiderman grading (1/2/3) 49/42/41

Serum CCL3 levels (pg/mL) 277.314.3 150.2+2.4 <0.001

Notes: Basic values and serum CCL3 levels are expressed as the mean value + SEM.

Abbreviations: IDD, intervertebral disk degeneration; BMI, body mass index; VAS, Visual Analog Scale; ODI, Oswestry Disability Index; SEM, standard error of the mean.
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depicted in Figure 2. With regard to the MRI severity of IDD,
the patients were categorized into 3 groups according to the
Schneiderman classification. The case group included 49 with
grade 1, 42 with grade 2, and 41 with grade 3. IDD patients
with grade 3 and grade 2 showed significantly elevated levels
of CCL3 in serum compared with those with grade 1 (grade 3
vs grade 1: 300.616.6 pg/mL vs 250.746.2 pg/mL, P<0.001;
grade 2 vs grade 1: 285.5+7.4 pg/mL vs 250.746.2 pg/mL,
P<0.001). The difference of CCL3 levels between Schneider-
man 2 and 3 patients did not reach significance (grade 3 vs
grade 2: 300.616.6 pg/mL vs 285.5+7.4 pg/mL, P=0.385)
(Figure 2A). The serum CCL3 levels were positively associ-
ated with Schneiderman grading system (#=0.425, P<0.001)
by Spearman’s correlation analysis (Figure 2B).
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Figure | Serum CCL3 levels between IDD patients and healthy controls (mean
+ SEM).

Abbreviations: IDD, intervertebral disk degeneration; SEM, standard error of the
mean.
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Figure 2 Correlation of serum CCL3 levels with radiographic severity in IDD patients

Serum CCL3 levels in IDD patients with
clinical severity defined by VAS and ODI

index

Based on intensity of pain on a VAS (0—10 cm), the patients
were divided into two groups, the high- and low-pain
group with VAS >3 and VAS <3, respectively. There were
76 patients in high-pain group and 56 patients in low-pain
group. Serum CCL3 levels were significantly increased in
high-pain group compared with low-pain group. (290.1£5.2
pg/mL vs 259.946.6 pg/mL, P=0.013) (Figure 3A). In addi-
tion, serum CCL3 concentrations were positively related
to VAS scores (=0.395, P<0.001) (Figure 3B). We further
explored the relationship between serum CCL3 levels and
ODI index to illustrate whether higher levels of CCL3 would
affect the functional ability in IDD patients. We found that
serum CCL3 concentrations were also related to ODI index
(r=0.358, P<0.001) (Figure 3C).

Discussion
The current study investigated the relationship between serum
CCL3 levels and degree of lumbar IDD. We demonstrated for
the first time that increased serum CCL3 levels were observed
in IDD patients compared with controls. In addition, CCL3
concentration in serum was independently and positively
correlated with radiographic progression and clinical sever-
ity. These findings implicate that serum CCL3 may serve
as a potential serum biomarker for reflecting lumbar IDD.
The increased number of people with IDD in recent years
impelled the need for early diagnosis. Authors looking to
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Notes: (A) Comparison of serum CCL3 levels among different Schneiderman MRI grades (mean * SEM). (B) Correlation of serum CCL3 levels with Schneiderman Grading.
Abbreviations: IDD, intervertebral disk degeneration; MRI, magnetic resonance imaging; SEM, standard error of the mean.
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Figure 3 Relationship between serum CCL3 levels and VAS as well as ODI index in IDD patients
Notes: (A) Comparison of serum CCL3 levels between high-pain and low-pain patients (mean + SEM). (B) Correlation of serum CCL3 levels with VAS scores. (C)

Correlation of serum CCL3 levels with ODI index.

Abbreviations: IDD, intervertebral disk degeneration; VAS, Visual Analog Scale; ODI, Oswestry Disability Index; SEM, standard error of the mean.

embrace a consensus of opinion related to the pathogenesis
of IDD in their works have been devoting increasingly
more attention to the importance of an inflammatory com-
ponent.” The expression of inflammatory mediators in the
degenerated/herniated disks as well as their involvement
in the process of disk degeneration (ie, in the induction of
catabolic processes) has been investigated by both clinical
studies as well as by laboratory investigation during the past
decade.?** Identification of the relevance of these mediators
in the development of discogenic back pain has led to an
improved understanding of the molecular mechanisms of
back pain, thus creating new possibilities of more targeted
therapeutic intervention.?

The inflammatory chemokine CCL3 has been investigated
in several studies addressing arthritic diseases. Plasma CCL3
could be a potential serum biomarker for knee osteoarthritis
with the ability to detect pre-X-ray-defined changes and stage
the severity of damage in knee.?’ In addition, expression
and secretion of CCL3 by synovial fluid neutrophils may be
indicative of local and systemic inflammation in rheumatoid
arthritis.”® CCL3 could be produced by different type of cells,
and its production can be upregulated by the proinflammatory

cytokines IL-1 and TNF-0..23° More recently, CCL3 has been
recognized as a chemotactic mediator produced by interver-
tebral disc cells.?**

Pain is the main complain in IDD patients. In previous
studies, elevated CCL3 levels have been detected in patients
with neck/shoulder pain, migraine, and prostatitis pelvic
pain, and these levels significantly correlated with pain
intensity.*'** In addition, in nonspecific patients with LBP,
improvements in VAS and ODI scores were closely accom-
panied by the obvious decline of CCL3 following spinal
manipulation.’* All these works implicate that systematic
CCL3 levels may participate the pain production in various
disease. In our study, we observed that increased CCL3
levels were related to pain determined by VAS scores and
functional disability by ODI index, suggesting serum that
CCL3 expression plays a major role in the pain formation of
disk degeneration through potential mechanisms.

MR imaging can reflect both the macromolecular con-
centrations and the structural integrity in the intervertebral
disk and has been considered as a noninvasive method of
characterizing IDD in humans and animal models in vivo.**3¢
However, previous studies have also noted that a relationship
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between disc degeneration and LBP is a coincidental finding
and that the predictive capacity of MRI in terms of LBP is
questionable.’”*® We found increased serum CCL3 levels
were positively related to MR imaging by Schneiderman
grading, implicating CCL3 as a diagnosis biomarker in
combination with the radiographic changes.

Limitations

Several potential limitations should be taken into account in
our study. First, our study was based on a small sample size of
Han Chinese people. A further study conducted on a random
sample of a larger population will be needed to substantiate
our results. Second, only serum CCL3 concentration has been
measured in the serum. Additional immunohistochemical
investigations of CCL3 expression in lumbar disk annulus
fibrosus or nucleus pulposus may provide complete informa-
tion on the pathogenic role of CCL3 in IDD. Third, we did
not investigate the role of other soluble chemokines.

Conclusion

Collectively, in spite of the abovementioned limitations, the
study revealed a significant elevation in serum CCL3 levels of
IDD subjects compared with healthy controls and illustrated
a pronounced positive correlation of serum CCL3 levels with
the extent of radiographic and symptomatic severity in IDD
patients. This study is the first to show that serum CCL3 is
related to the disease progression of IDD. Further inves-
tigations are needed to define the mechanisms underlying
this correlation. Therapies targeting CCL3 deserve further
intensive study.
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