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Background: Chemokines have been identified to be involved in the modulation of pain 

through both peripheral and central mechanisms. However, the role of chemokines in lumbar 

disk herniation (LDH) with sciatic pain remains unknown.

Objective: The current study was performed to explore the expression of two most commonly 

studied chemokines CX3CL1 and CCL2 and assess their associations with clinical severity in 

LDH patients with sciatic pain.

Methods: The soft tissues around nerve root (STANR), annulus fibrosus (AF), and nucleus 

pulposus (NP) biopsies were obtained from 36 LDH patients with chronic sciatic pain and 10 

scoliosis patients (painless controls). The serum and local expressions of CX3CL1 and CCL2 

were determined using  enzyme-linked immunosorbent assay and Western blot analysis, respec-

tively. The visual analog scale (VAS) scores for low back pain and lower extremity pain and 

Japanese Orthopaedic Association (JOA) scores were recorded on the day of hospital admis-

sion to evaluate the clinical severity. LDH patients with sciatic pain were divided into severe 

pain (SP) group (VAS ≥7; n=18) and mild-to-moderate pain (M-MP) group (VAS <7; n=18) 

for lower extremity pain.

Results: Local expressions instead of CX3CL1 and CCL2 in STANR, AF, and NP were signifi-

cantly higher in the SP group than in M-MP compared with scoliosis painless group. Expressions 

of both CX3CL1 and CCL2 in STANR and AF were positively correlated with VAS scores for 

lower extremity and for low back pain, respectively. In addition, CX3CL1 and CCL2 expressions 

in STANR were negatively associated with JOA scores. There were no significant differences of 

serum CX3CL1 and CCL2 levels among SP group, M-MP group, and scoliosis painless group.

Conclusion: Both CX3CL1 and CCL2 may play important roles in maintaining pain in LDH 

patients. Local blockade of CX3CL1 and CCL2 in LDH patients with persistent pain deserves 

further intensive study.
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Introduction
Lumbar disk herniation (LDH) is one of the most common spinal degenerative disor-

ders that frequently affects the spine in young and middle-aged adults.1 The clinical 

consequences of LDH physiology are spinal pain and stiffness, prolapse with nerve 

root pain, and stenosis with spinal claudication.2 Pain is the most common complaint in 

LDH patients. Pain in LDH is present either local to the disordered disk or in the lower 

limb with associated paresthesiae caused by root compression and spinal stenosis.3

In the past, pain in patients with disk diseases including LDH has long been 

attributed to the pressure put on the sciatic nerve root by the herniated disk. However, 
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advances in basic and clinical study have clarified the fact 

that production of pain in LDH is not only due to mechanic 

pressure but is also due to a significant contribution by 

chemical factors.4 This conclusion is based on the following 

clinical observations. 1) Disk surgery does not always release 

pain; 2) large disk herniations are not always symptomatic; 

3) severe pain (SP) may be present in patients without imag-

ing evidence of nerve root compression; 4) the severity of 

symptoms and neurological signs is not well related to the 

size of the disk herniation; and 5) conservative therapy is 

often effective.5–8

Recent basic studies have strengthened the potential 

role for autoimmunity in the progression of LDH. The disk-

derived cells are able to secrete pro-inflammatory cytokines 

without inflammatory cells, supporting the hypothesis that 

disk-derived cells have the capacity of initiating as well as 

amplifying the inflammatory process.9 Furthermore, infil-

tration and activation of various immune cells contribute to 

amplification of an inflammatory response and the release 

of neurotrophic factors that aggravate neoinnervation of the 

disk or nerve sensitization of spinal nerves.10,11

Chemokines constitute of a group of pro-inflammatory 

cytokines with potent chemotactic activities for leukocytes 

both in vitro and in vivo.12 Chemokines are classified into four 

groups (CC, XC, CXC, and CX3C) based on the number and 

position of conserved cysteine residues in their amino acid 

structure, and their receptors are accordingly designated as 

CCR, XCR, CXCR, or CX3CR.13 The chemokines act both 

at the initial and later stages of inflammatory response and 

draw inflammatory cells from blood into tissues.14

Among the chemokines, the CX3C and CC subfamilies 

are most widely studied. Specifically, CX3CL1 (C-X3-C 

motif ligand 1), also named as fractalkine, is structurally 

unique among the family of chemokines and their recep-

tors and is expressed both in the central nervous system 

and peripheral nerves, as well as in endothelial cells and 

lymphocytes. CCL2 (C-C motif ligand 2), also known as 

monocytes chemoattractant protein-1, is a chemokine that 

has been demonstrated to play a critical role in chronic pain 

facilitation via CCR2. CCL2 and CX3CL1 signaling through 

CCR2 and CX3CR1 have been shown to be key factors in the 

recruitment of inflammation cells to tissue lesions or sites 

of inflammation,15 and so are key factors in persistence of 

neuropathic pain.16,17

A previous study has shown that chemokine (including 

CX3CL1 and CCL2) production by herniated intervertebral 

disk tissue is the reason for the generation and maintenance 

of surrounding inflammation.18 Park et al19 found that 

CX3CL1 immunoreactivity gradually increased in laminae 

II and III of the ipsilateral dorsal horn by using a nucleus 

pulposus (NP) implantation-induced model of LDH. One 

recent study showed that CCL2/CCR2 signaling in the dorsal 

root ganglion and spinal cord plays a significant role in the 

maintenance of neuropathic pain in a rat model of LDH.20

All these works implicated that CCL2 and CX3CL1 may 

both play important roles in pain maintenance and aggrava-

tion in LDH patients. To our knowledge, most of the studies 

in this area were carried out on animal models, and there 

were no studies available illustrating the relationship between 

systemic and local chemokine expressions and clinical sever-

ity in LDH patients. Therefore, we aimed to investigate the 

potential mechanism from the biochemical aspects by explor-

ing expressions of CCL2 and CX3CL1 in LDH patients and 

by assessing their association with clinical severity.

Methods
Study patients and clinical assessment
This study was approved by the Ethics Committee at Chen-

zhou No. 1 People’s Hospital, Hunan, People’s Republic 

of China. Thirty-six patients diagnosed as having LDH 

with sciatic pain were enrolled at the Department of Spinal 

Orthopedics. The clinical inclusion criteria are as follows: 

1) low back pain with radiation to the lower limb; 2) radicular 

pain along a specific dermatome; 3) nerve root tension signs 

like straight leg raising test; and 4) presence of neurological 

symptoms and signs. Diagnosis of LDH was further con-

firmed using magnetic resonance imaging. Also, ten scoliosis 

patients without signs of pain or degenerative disk disease 

were selected as controls. Written informed consent was 

obtained from all the patients (or from their parents if they 

were under the age of 16 years).

The soft tissues around nerve root (STANR), annulus 

fibrosus (AF), and NP biopsies were obtained intraop-

eratively from 36 LDH patients with chronic sciatic pain 

during diskectomy and were obtained from ten scoliosis 

patients (painless controls) during corrective orthopedic 

surgery.

Assessment of serum CX3CL1 and 
CCL2 levels
About 10 mL of blood sample was collected from each patient 

in the morning and then centrifuged at 3,000 rpm for 10 min. 

The obtained serum was then stored at −80°C until use. 

Serum CX3CL1 and CCL2 levels were measured using the 

enzyme-linked immunosorbent assay technique (Santa Cruz 

Biotechnologies, Inc., Santa Cruz, CA, USA). Intra-assay 
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coefficients of variability were 4.1% and 4.4%, respectively, 

and the interassay coefficients of variability were less than 6%.

Local CX3CL1 and CCL2 protein 
expressions explored using Western blot 
analysis
Tissue samples from STANR, AF, and NP were rapidly 

removed and stored at −80°C until use. All tissue samples 

were homogenized in lysis buffer containing phenylmethane 

sulfonyl fluoride and 0.02% protease inhibitor cocktail. The 

homogenates were centrifuged at 14,000×g for 15 min at 

4°C. Equivalent amounts of protein (40 μg) were separated 

using 10% sodium dodecyl sulfate–polyacrylamide gel elec-

trophoresis and transferred onto a polyvinylidene difluoride 

membrane. Membranes were blocked with 5% milk for 1 h 

at room temperature and incubated with respective primary 

antibodies anti-CX3CL1 (1:1,000; Santa Cruz Biotechnolo-

gies, Inc) and anti-CCL2 (1:4,000; Abcam, Cambridge, UK) 

overnight at 4°C. The membranes were incubated for 1 h 

with horseradish peroxidase-conjugated secondary antibody 

(1:5,000; Santa Cruz Biotechnologies, Inc). Bands were 

finally revealed using an enhanced chemiluminescence kit 

(Kodak, Rochester, NY, USA). The monoclonal antibody 

against β-actin (1:10,000; Sigma-Aldrich Co., St Louis, MO, 

USA) was used as a loading control. Bands area/intensity for 

all proteins were measured using Image J software (Wayne 

Rasband; National Institutes of Health, Bethesda, MD, USA). 

All the samples were routinely analyzed using Western blot 

repeated for at least three times, and the obtained results were 

averaged and calculated.

Pain and function assessment
The visual analog scale (VAS) was administered to evaluate 

the degree of pain, ranging from 0 to 10, where 0 indicates 

complete satisfaction or no pain at all, whereas 10 indicates 

complete dissatisfaction or maximum pain. Here, we recorded 

VAS scores for both lower extremity pain and low back pain. 

LDH patients with sciatic pain were divided into SP group 

(VAS ≥7; n=18) and mild-to-moderate pain (M-MP) group 

(VAS <7; n=18) for lower extremity pain. Japanese Orthopedic 

Association (JOA) scores were utilized to assess the compre-

hensive functional status in patients. The JOA score system 

is a widely used clinical evaluation scoring system for low 

back pain syndrome including subjective symptoms, clini-

cal signs, restriction of activities of daily living, and urinary 

bladder function, ranging from 0 to 29 points, where higher 

scores represent less pain and better function and lower scores 

indicate SP and worse function. The JOA score system is a 

validated instrument designed specifically for the assessment 

of patients with low back pain and worse function. JOA score 

is widely used based on the clinical evidence and experience.21

Statistical analysis
Statistical analysis was performed using the Statistical 

Package for Social Sciences 21.0 statistical software (IBM, 

Armonk, NY, USA). Data were presented as mean ± standard 

deviation or median (interquartile range). Data normality was 

analyzed using the Kolmogorov–Smirnov test. The one-way 

analysis of variance or Kruskal–Wallis test was applied to 

test statistically significant differences in protein expression 

between SP and M-MP LDH patient groups as well as the 

scoliosis control group, followed by a Dunn’s post hoc test. 

The Spearman’s or Pearson’s correlation analysis was used 

to examine the association of CX3CL1 or CCL2 level with 

VAS as well as JOA scores. Probability values or differences 

<0.05 were considered to be statistically significant.

Results
Baseline clinical characteristics
With the exception of significant difference in age (P<0.001), 

no significant differences were observed in indices of sex 

ratio, disease duration, body mass index, and serum CX3CL1 

and CCL2 levels among the three groups. The basic clinical 

and laboratory characteristics are listed in Table 1.

Table 1 Baseline clinical characteristics

SP M-MP Con P-value

N 18 18 10 NS
Sex (female/male) 7/11 9/9 5/5 NS
Age (years) 34.2±5.8 33.3±6.8 22.1±4.1 <0.001
Disease duration (months) 4.5 (1–22) 5.2 (2–18) 72 (36–96) –
BMI (kg/m2) 22.69 (18.15–24.53) 23.12 (18.33–25.01) 21.58 (17.68–24.72) NS
Serum CX3CL1 levels (pg/mL) 120.8±14.4 112.8±15.5 113.6±11.4 NS
Serum CCL2 levels (pg/mL) 94.2±10.5 90.7±10.8 85.1±12.9 NS

Abbreviations: SP, severe pain; M-MP, mild-to-moderate pain; Con, scoliosis painless control; NS, not significant; BMI, body mass index.
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Serum and local CX3CL1 and CCL2 
expressions in LDH patients and controls
According to the extent of pain, LDH patients with sciatic 

pain were divided into SP group (VAS ≥7; n=18) and M-MP 

group (VAS <7; n=18). In addition, ten scoliosis painless 

controls were selected as nonpainful controls. No significant 

differences were found both in serum CX3CL1 and CCL2 

levels among SP LDH patients, M-MP LDH patients, and 

scoliosis painless controls (CX3CL1: 120.8±14.4 pg/mL 

vs 112.8±15.5 pg/mL vs 113.6±11.4 pg/mL, P>0.05; 

CCL2: 94.2±10.5 pg/mL vs 90.7±10.8 pg/mL vs 85.1±12.9 

pg/mL) (Table 1; Figure S1A and B). Both STANR, NP, 

and AF CX3CL1 and CCL2 protein expressions in SP and 

M-MP groups were significantly higher than those in the 

scoliosis painless control group (All P<0.05; Figures 1 and 

2A–E). We further compared the local CX3CL1 and CCL2 

expressions between SP and M-MP groups. We found only 

the STANR CX3CL1 but not CCL2 expressions were sig-

nificantly higher in SP group compared with M-MP group 

(P=0.02; Figure 2A). However, interestingly, NP but not 

STANR CCL2 expression was higher in SP group compared 

with M-MP group (P=0.04; Figures 1 and 2E).

Association of local CX3CL1 and CCL2 
protein expression levels with VAS and 
JOA scores
The associations of CX3CL1 and CCL2 protein expression 

levels in STANR, AF, and NP with VAS scores as well as 

STANR NP AF

SP

CX3CL1

CCL2

β-Actin

M-MP Con M-MP ConSP M-MP Con

42 kDa

14 kDa

43 kDa

SP

Figure 1 CX3CL1 and CCL2 band expressions were determined using Western blot analysis among three groups. 
Notes: Expression levels were normalized to β-actin as house-keeper factor.
Abbreviations: STANR, soft tissues around nerve root; SP, severe pain; M-MP, mild-to-moderate pain; Con, scoliosis painless control; AF, annulus fibrosus; NP, nucleus pulposus. 
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Figure 2 Quantification analysis of CX3CL1 and CCL2 protein expressions among three groups. 
Notes: Expression levels were normalized to β-actin as house-keeper factor and are represented as time-fold increase compared with controls. (A–C) CX3CL1 protein 
expressions among three groups in STANR (A), NP (B), and AF (C). (D–F) CCL2 protein expressions among three groups in STANR (D), NP (E), and AF (F). **P<0.01. 
Abbreviations: SP, severe pain; M-MP, mild-to-moderate pain; Con, scoliosis painless control; NS, not significant; AF, annulus fibrosus; NP, nucleus pulposus; STANR, soft 
tissues around nerve root.
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Figure 3 Correlation of local CX3CL1 and CCL2 expressions with VAS scores (in centimeters) for pain in lower extremity. 
Notes: (A–C) Correlation of CX3CL1 protein expressions with VAS scores for pain in lower extremity in STANR (A), NP (B), and AF (C), respectively. (D–F) 
Correlation of CCL2 protein expressions with VAS scores for pain in lower extremity in STANR (D), NP (E), and AF (F), respectively.
Abbreviations: AF, annulus fibrosus; NP, nucleus pulposus; VAS, visual analog scale; STANR, soft tissues around nerve root.
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JOA scores of patients with LDH were explored. Correla-

tion analysis showed that only STANR CX3CL1 and CCL2 

protein expression levels in patients were positively cor-

related with VAS (CX3CL1: r=0.393, P=0.018 and CCL2: 

r=0.360, P=0.03) for lower extremity pain (Figure 3A–F) 

and negatively related to JOA scores (CX3CL1: r= −0.342, 

P=0.04 and CCL2: r= −0.375, P=0.02; Figure 4A–F). In 

addition, CX3CL1 and CCL2 protein expression levels in 

AF (Figure 5C and F) instead of STANR (Figure 5A and D) 

were also positively correlated with VAS for low back pain 

(CX3CL1: r=0.349, P=0.04 and CCL2: r=0.365, P=0.03). 

However, correlations of CX3CL1 and CCL2 protein 
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Figure 4 Correlation of local CX3CL1 (A–C) and CCL2 (D–F) expressions with JOA scores. 
Notes: (A–C) Correlation of CX3CL1 protein expressions with JOA scores in STANR (A), NP (B), and AF (C), respectively. (D–F) Correlation of CCL2 protein 
expressions with JOA scores in STANR (D), NP (E), and AF (F), respectively.
Abbreviations: AF, annulus fibrosus; NP, nucleus pulposus; JOA, Japanese Orthopedic Association; STANR, soft tissues around nerve root.
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expression levels in NP with VAS and JOA did not reach sig-

nificant differences (all P>0.05; Figure 3B and E; Figure 5B 

and E; Figure 4B and E).

Discussion
This study was performed to examine the local and circulating 

levels of the most widely studied chemokines CX3CL1 and 

CCL2 in LDH patients with radicular pain. To our knowledge, 

this is the first time that we explored CX3CL1 and CCL2 

expressions in LDH patients. Our findings demonstrated that 

the local expressions instead of serum levels of CX3CL1 and 

CCL2 are significantly higher in LDH patients compared 

with controls. In addition, we also investigated the relation-

ship of the two chemokines and disease severity defined by 

the degree of pain and functional disability. We observed 

that both CX3CL1 and CCL2 expressions are significantly 

associated with more serious pain and worse function. These 

findings implicated that local CX3CL1 and CCL2 play poten-

tial roles in the progression and aggravation of the disease.

LDH, which is manifested by low back pain or sciatica, 

is one of the common causes of disability in the community. 

The reported lifetime occurrence of LDH achieves as high as 

40%.22 In LDH, NP material exits the disk space area through 

the AF, causing mild compression on the spinal nerves and 

resulting in neurological dysfunction including pain, sensory 

deficits, and weakness in the low back and leg.23 In recent 

years, a growing number of works have identified the role of 

inflammation and immune activation in the pathogenesis of 

lumbar disk disease. Cytokines including interleukin (IL)-1 

and tumor necrosis factor (TNF)-α are found to be elevated in 

LDH patients with or without sciatic pain.24,25 It has also been 

proved that LDH patients with chronic pain had higher levels 

of TNF-α, IL-1, and IL-6 than controls,26,27 thus supporting the 

role of inflammation on aggravation and maintenance of pain.

As one important family of cytokines, chemokines in 

recent years have been shown to play a pivotal role in the 

induction and maintenance of inflammation and chronic 

pain.28 The best known chemokines in pain are CX3CL1 and 

CCL2, which signal through their designated receptors. Local 

expressions of CX3CL1 and CCL2 in STANR, AF, and NP 

were all significantly higher in the SP group than in M-MP 

compared with scoliosis painless group. However, we found 

that serum CX3CL1 and CCL2 levels between LDH patients 

and control subjects did not reach significant difference, 

implicating that inflammation or pain in LDH is more like a 

local process rather than systemic activity. We further found 

both expressions of CX3CL1 and CCL2 in STANR and AF 

were positively correlated with VAS scores for lower extrem-

ity pain and low back pain, respectively. However, only the 

local expressions of both the chemokines in AF negatively 

associated with JOA scores. This may be attributed to the fact 

that pain in lower extremity and low back were generated by 

different nerves. The former is generated by sinuvertebral 

nerve and the latter is produced by sciatic nerve. The sciatic 
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nerve has much more fibers than the sinuvertebral nerve and 

is more sensitive to pain. These results above both implicated 

that CX3CL1 and CCL2 may play important roles in the nerve 

root inflammation and neuropathic pain.

CX3CL1/CX3CR1 mediates neuron–microglial com-

munication in chronic pain states and is therefore key to the 

development of neuropathic pain.29 In addition, peripheral 

inflammation-induced hypernociception is accompanied and 

mediated by satellite glial cells activation. Souza et al30 found 

that CX3CL1/CX3CR1 signaling in the dorsal root ganglion 

plays a key role in the peripheral inflammation and the activa-

tion of satellite glial cells, and they conclude this process is 

crucial to the induction/maintenance of inflammatory pain. 

Oh et al31 evaluated the expression of CX3CL1 and CX3CR1 

in patients with cervical and LDH to clarify their roles in the 

disk degeneration. They found greater CX3CL1/CX3CR1 

mRNA/CX3CR1-positive cells expression in cervical herni-

ated NP patients than in lumbar herniated NP patients using 

reverse transcription polymerase chain reaction and histologic 

and immunohistochemical analysis. However, references of 

symptoms including pain and function were not recorded. 

Therefore, we speculate that CX3CL1 and CX3CR1 would 

exhibit higher expressions when pain symptoms are present.

CCL2 is another well-known chemokine amplifying and 

maintaining inflammation through chemokine–cytokine net-

works following the recruitment of circulating leukocytes. 

Zhu et al32 found that LDH could induce overexpression of 

CCL2 in NP cells. And, elevated CCL2 expression has been 

also detected in LDH animal models and human degener-

ated disks.33 Several studies have also shown that CCL2 is 

involved in the activation of spinal microglia associated with 

neuropathic pain,34,35 which can result in central sensitization 

by the release of a series of modulators, which enhances pain 

states further.

Low back pain in LDH patients is believed to originate 

from internal disk disruptions and is mainly mediated by 

the sinuvertebral nerve.36 Here, we also found that elevated 

CX3CL1 and CCL2 expressions in AF instead of NP were 

positively associated with low back pain. This may be 

attributed to free sinuvertebral nerve endings that are mainly 

distributed in the superficial area of AF, but not in NP and 

deeper zones of AF.37

Some limitations should be taken into account in the 

present study. First, this study was performed only in Chinese 

people, and the sample size enrolled was not large enough, 

thus leading to limited statistical power. Therefore, multi-

center studies with a large sample size are further needed 

to identify the present results. Second, we only focused 

the investigation of CX3CL1 and CCL2, examination of 

other inflammatory markers such as IL-1 and TNF-α may 

be more powerful and meaningful to illustrate their roles in 

LDH inflammation. Finally, we were not able to examine the 

systemic and local CX3CL1 and CCL2 expression levels 

due to ethical reasons, failing to get the information about 

the alternation of CX3CL1 and CCL2 expression following 

symptomatic relief.

Conclusion
In summary, local instead of serum CX3CL1 and CCL2 

protein expressions in LDH patients with sciatic pain were 

higher than in scoliosis painless control. In addition, local 

expressions of CX3CL1 and CCL2 in STANR were posi-

tively correlated with SP and worse function. Local CX3CL1 

and CCL2 protein expressions may reflect clinical severity 

in LDH patients with sciatic pain. Local expressions of 

CX3CL1 and CCL2 have the potential to serve as targets for 

adjunctive treatment of LDH combined with other therapies, 

but the clinical applications need intensive study in the future.
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Figure S1 Investigation of serum CX3CL1 (A) and CCL2 (B) among three groups.
Abbreviations: SP, severe pain; M-MP, mild-to-moderate pain; Con, scoliosis painless control; NS, not significant.
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