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Abstract
Background: Many intervertebral disc diseases cause low back pain (LBP). Proinflammatory cytokines and matrix
metalloproteinases (MMPs) participate in disc pathology. In this study, we examined levels of serum cytokines and MMPs
in human subjects with diagnoses of disc herniation (DH), spinal stenosis (SS), or degenerative disc disease (DDD) relative
to levels in control subjects. Comparison between subjects with DH and those with other diagnoses (Other Dx, grouped
from SS and DDD) was performed to elaborate a pathological mechanism based on circulating cytokine levels.
Methods: Study participants were recruited from a spine neurosurgery practice (n = 80), a back pain management
practice (n = 27), or a control cohort (n = 26). Serum samples were collected before treatment and were assayed by
multiplex assays for levels of interleukin (IL)-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, interferon-γ, tumor necrosis factorα, MMP-1, MMP-3, and MMP-9. Inflammatory and degradative mediator levels were compared for subjects with LBP and
control subjects, by diagnosis and by treatment groups, controlling for effects of sex, age, and reported history of
osteoarthritis. Spearman’s correlation coefficient was used to examine relationships with age, body mass index (BMI),
symptom duration, and smoking history.
Results: Serum levels of IL-6 were significantly higher in subjects with LBP compared with control subjects. Participants
with LBP due to Other Dx had significantly higher levels of IL-6 than DH and controls. Serum levels of MMP-1 were
significantly lower in LBP subjects, specifically those with DH, than in control subjects. Positive correlations were found
between IL-6 levels and BMI, symptom duration, and age. MMP-1 levels were positively correlated with age.
Conclusions: The findings of the present clinical study are the results of the first examination of circulating cytokine levels
in DDD and SS and provide evidence for a more extensive role of IL-6 in disc diseases, where patients with DDD or SS
have higher serum cytokine levels than those with DH or control subjects. These findings suggest that LBP subjects have
low-grade systemic inflammation, and biochemical profiling of circulating cytokines may assist in refining personalized
diagnoses of disc diseases.
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Background
Back pain causes a significant burden on both the
healthcare system and the economy. As the second most
common cause of physician visits in the United States,
low back pain (LBP) contributes an estimated $50 billion
to 100 billion in direct healthcare spending [1–4].
Affecting an estimated 40–80 % of people at any point
during their lifetime, LBP is a leading cause of disability
worldwide [5]. Clinically, LBP is a complicated amalgam
of multiple diseases with an unpredictable response to
treatment. LBP is caused by multiple triggers with
similar clinical presentation, and physical examination is
rarely diagnostic. Some of the most common diagnoses
for LBP include intervertebral disc herniation (DH), spinal
stenosis (SS), and degenerative disc disease (DDD).
The intervertebral disc (IVD) is the load-bearing tissue
between the vertebral bodies of the spine. The disc is
composed of a gelatinous nucleus pulposus (NP) in the
center surrounded by a fibrous annulus fibrosis (AF) tissue in the periphery. DH is the focal displacement of
disc material beyond the limits of the IVD disc space [6].
DH can irritate nearby nerves and result in pain,
numbness, or weakness in the legs. SS is a pathologic
narrowing of the spinal canal due to hypertrophy of the
ligamentum flavum and is associated with paresthesia,
pain, and symptoms of neurologic compromise [7, 8].
DDD includes disc pathology such as desiccation and
loss of disc height, diffuse disc bulging, fissures, osteophytes, or endplate sclerosis without meeting a specific
indication for herniation or stenosis [6]. Currently, the
best prognostic indicators for LBP are based on the
underlying diagnosis. In some cases, DH will remodel
spontaneously with nonoperative treatment and patients
will experience resolution of painful symptoms [9]. In
contrast, age is a primary risk factor for SS [10], so
people who develop it at younger ages have longer durations of symptoms and worse prognoses [11].
Disruption of the extracellular matrix (ECM) of the
disc, such as loss of proteoglycans (PGs) in the NP,
increase in degenerative fibrillation in NP and AF, and
loss of water content in the NP, are hallmarks of IVD degeneration [12–16]. This has previously been shown to
be associated with upregulation of matrix metalloproteinases (MMPs) such as MMP-1, MMP-3, MMP-7, and
MMP-13 expression and activity, whose levels correlate
with increasing degenerative severity [17–20]. Other
catabolic proteases, such as a disintegrin and metalloprotease with thrombospondin motifs (known as
ADAMTS), high temperature requirement serine protease A1, and cathepsins, also promote aggrecan turnover
and degenerative changes in the disc [21–26]. The
increased catabolism of aggrecan is a principal pathological process that leads to degeneration [27], compromising functional integrity of the IVD. Several etiological
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factors serve as primary initiating events that lead to the
abnormal production of catabolic molecules by IVD cells
[28]. These factors include aging, genetic predisposition,
smoking, infection, abnormal biomechanical loading, and
inadequate nutrient supply [28–35]. Inflammatory cytokines play a major part in the pathogenesis of IVD degeneration by promoting ECM breakdown. Disc-derived cells
have the capacity to secrete proinflammatory cytokines in
the absence of inflammatory cells, supporting the hypothesis that disc-derived cells are capable of initiating or
amplifying an inflammatory process. Degradation has
been associated with increased expression of inflammatory mediators such as nitric oxide and prostaglandin E2 by disc cells [36, 37]. Many proinflammatory
cytokine levels are also elevated in degenerated or
herniated IVDs [38–41], including tumor necrosis
factor-α (TNF-α), interleukin (IL)-1, IL-6, IL-17, and
interferon-γ (IFN-γ) [39, 42, 43]. Inflammatory cytokines also promote recruitment of immune cells to the
disc in disease processes. Infiltration and activation of
immune cells result in amplification of an inflammatory
response and the release of neurotrophic factors that contribute to neoinnervation of the disc or nerve sensitization
of spinal nerves [28, 44–46].
Levels of proinflammatory cytokines implicated in disc
remodeling, nerve sensitization, and local pathology in the
spine have been studied systemically in participants with
LBP; however, the findings are inconsistent. Bisby et al. did
not find major differences in serum cytokine levels of
patients with DH and sciatica compared with normal
levels that were reference values used by a local clinical
immunological laboratory in routine clinical analyses [47].
Pedersen et al., however, observed higher serum levels of
IL-6 and IL-8 in participants with DH who reported higher
pain scores than participants with lower pain scores [48].
Moreover, Schistad et al. observed that elevated serum
IL-6 levels at presentation were associated with worse
outcomes in recovery from DH at 1-year follow-up
[49]. While DH has some relationship with circulating
levels of proinflammatory cytokines, changes in mediator
profiles with increasing disease severity and in diagnoses
other than DH are unknown. Aging, higher body mass
index (BMI), and smoking history are all risk factors for
LBP [5] and are associated with poor prognosis [50]. Aging
is associated with increased levels of circulating cytokines and proinflammatory markers. Increased levels
of IL-6, IL-1, or TNF-α are associated in older patients
with frailty, sarcopenia, cardiovascular events, and neurodegenerative diseases, which increase the risk of morbidity
and mortality [51]. Obesity is also associated with increased
serum levels of IL-6 and TNF-α, among other cytokines
and chemokines [52]. Tobacco use generates a systemic
proinflammatory state that is characterized by serum elevations of TNF-α and IL-1, among other cytokines [53].
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The goal of this study was to examine serum levels of
proinflammatory cytokines and MMPs in participants
with LBP due to DH, SS, or DDD relative to control participants. We hypothesized that the proinflammatory
mediators known to participate in IVD pathology would
be elevated systemically relative to control participants.
We further hypothesized that mediator levels would
differ between diagnoses and change with the natural
history of disease. Because LBP and proinflammatory
cytokines change with age, BMI, tobacco use, duration
or intensity of pain symptoms, and disability, we analyzed the potential relationships between these clinical
and demographic factors and circulating inflammatory
mediator levels in DH, SS, and DDD.

Methods
Participants

This study was approved by the institutional review
board of North Shore-LIJ Health System. One hundred
seven participants were recruited from two clinical
practices (back pain management, spinal neurosurgery).
Written informed consent was obtained from all participants before enrollment. Similar inclusion criteria were
used for identification of participants in each cohort. For
the back pain management cohort, participants who
were 18 years of age or older and required interlaminar
epidural steroid injection (ESI) in the lumbar spine
region (L1-L2 to L5-S1) for SS, DH, or DDD were recruited (ESI cohort; n = 27). Participants were excluded
if they had a history of previous lumbar surgery, epidural
corticosteroid injection within the last 6 months, known
inflammatory condition (e.g., rheumatoid arthritis [RA],
systemic lupus erythematosus, gout, osteomyelitis, other
infections), or a history of cancer or were pregnant or
breastfeeding at the time of recruitment. For the surgical
cohort, participants who were 18 years of age or older,
required surgery in the lumbar spine (L1-L2 to L5-S1),
including lumbar fusion, discectomy, laminectomy,
and/or minimally invasive discectomy, were recruited
(surgery cohort; n = 80). Participants requiring revision
surgery in the lumbar spine who had a history of prior
discography procedure at the same spinal level or known
inflammatory conditions or a history of cancer were excluded. For all subjects, other joint health status (e.g.,
osteoarthritis [OA] of the knee or other joints) was not
surveyed or used as an exclusion criterion. On the basis of
medical records, 18 of 107 study participants had a reported current or past medical history of arthritis, OA, or
related joint pain. The effect of OA history was controlled
for in the data analysis (see Statistical analysis section
below).
Before clinical intervention, blood samples were obtained at the time of the procedure. In surgical participants, blood samples were collected before administration
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of anesthesia. One 10-ml sample of whole blood was
collected (BD Vacutainer 367820; BD, Franklin Lakes, NJ,
USA) and maintained on ice until processing. For each
participant, serum was isolated by centrifugation and aliquots were stored at −80 °C until biochemical analysis.
Clinical data, including basic demographic information,
underlying diagnosis, duration of symptoms, and treatment history (particularly prior history of ESI), were collected from the participants and their medical records.
Magnetic resonance imaging (MRI) scans of T2-weighted
spin-echo images at the spinal level of the procedure were
evaluated for degeneration severity. Severity was classified
using Pfirrmann grade (1–5) [54]. Grade 1 represents a
healthy IVD exhibiting a bright hyperintense white signal
intensity and normal disc height, and grade 5 represents a
hypointense black signal intensity with no clear distinction
between the NP and AF and a collapsed disc space. Owing
to lack of access to imaging scans for a small number of
participants (n = 4), radiology reports were used to assign
Pfirrmann grades.
Serum levels of biochemical factors were also measured in age- and gender-matched control participants
(control cohort; n = 26). Written informed consent was
obtained from control participants before recruitment.
Participants 18 years of age or older with no history of
spinal injury or inflammatory conditions were included
in the control cohort. Venipuncture was performed to
collect serum using the same methods described for
participants with LBP. Age and gender information was
collected for each participant.
Biochemical analysis

Serum levels of cytokines and MMPs were measured
using commercially available multiplex electrochemiluminescence immunoassays (Meso Scale Discovery [MSD],
Rockville, MD, USA). The assay was performed according
to the manufacturer’s recommendations. Samples were
run in duplicate to measure IL-1β, IL-2, IL-4, IL-6, IL-8,
IL-10, IL-12p70, IL-13, IFN-γ, TNF-α, MMP-1, MMP-3,
and MMP-9. For the cytokine multiplex (V-PLEX Proinflammatory Panel 1; MSD), samples were diluted to 1:2 in
Diluent 2 (MSD) and 50 μl were added and incubated at
4 °C overnight. For the MMPs, a multiplex plate (Human
MMP 3-Plex Ultra-Sensitive kit; MSD) was blocked for
30 minutes before use with 25 μl of Diluent 2. Samples
were diluted 1:10 in Diluent 2, and 25 μl of diluted sample
were added to the MMP plate and allowed to incubate for
2 h at room temperature. Following the initial incubation,
plates were washed with 0.05 % Tween in phosphatebuffered saline, and 25 μl of detector antibody were added
to each well. Plates were incubated for 2 h at room
temperature, then washed again, and read with 2× read
buffer using MSD SECTOR Imager 2400 plate reader.
The lower and upper limits of detection (LLOD and
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ULOD, respectively) were computed for each assay, and
the percentage of samples with concentrations at or above
the LLOD (% detected) are reported (Table 1). For statistical analysis, values that were below the LLOD were
assigned a value that was half of the LLOD, as previously
described [55].
Statistical analysis

The mean and standard deviation of continuous demographic or clinical variables (age, BMI, symptom duration, smoking history, and OA history) are reported.
The gender distribution in the control and LBP cohorts
was compared using Fisher’s exact test, and subject age
was compared using the Mann-Whitney U test. All analyses of biochemical factors were performed on the logarithmic transformation of analyte levels to conform to
standard model assumptions. Results were then backtransformed and presented using the geometric means
with their corresponding standard errors. Levels of cytokines and MMPs were compared between control and
LBP subjects using analysis of covariance (ANCOVA),
controlling for age and gender. The interaction effect of
gender and subject cohort (control or LBP) was assessed
in each model. Analysis of cytokines and MMPs between
the control, ESI, and surgery groups was performed
using ANCOVA, controlling for age and gender, and
specific comparisons were made using Tukey’s honest
significant difference (HSD) post hoc test. Differences
between diagnostic groups were examined using
ANCOVA, controlling for age, gender, and OA history.
The diagnosis groups were either participants with DH
or with other diagnoses (Other Dx) pooled from
Table 1 Lower and upper limits of detection (LLOD and ULOD,
respectively) for measured biochemical factors in serum samples
(pg/ml)
Biochemical factor

LLOD (pg/ml)

ULOD (pg/ml)

% Detected

IL-1β

0.069

495

9%

IL-2

0.055

1460

59%

IL-4

0.025

198

28%

IL-6

0.068

767

98%

IL-8

0.073

498

100%

IL-10

0.058

334

99%

IL-12p70

0.078

1460

42%

IL-13

0.50

466

41%

TNF-α

0.085

312

100%

IFN-γ

0.30

1460

98%

MMP-1

4.44

100,000

100%

MMP-3

5.10

100,000

100%

MMP-9

37.73

500,000

100%

Percentage detected (% detected) is the percentage of samples with
concentrations at or above the LLOD

participants with SS or DDD. The interaction effect of
gender and diagnosis group was assessed in each model.
Specific comparisons of biochemical factors between the
control, DH, and Other Dx groups was performed using
Tukey’s HSD post hoc test. Age, BMI, smoking history
(in pack-years), and symptom duration were compared
between diagnosis groups using the Mann-Whitney U
test. Gender distribution and OA history of subjects by
diagnosis was compared using Fisher’s exact test. Spearman’s correlation coefficients were calculated to determine the relationship between analyte levels and age,
BMI, duration of pain symptoms, or smoking history
(pack-years), and the resulting Spearman’s coefficients
(ρ) and p values are reported. Analyses were performed
using SAS version 9.3 (SAS Institute, Cary, NC, USA)
and Statistica (StatSoft, Tulsa, OK, USA) software. Significance testing was performed with p < 0.05.

Results
Participant characteristics

In this study, we recruited participants (N = 133) with an
average age of 50 ± 14 years and gender distribution of
43 % male (n = 57) and 57 % female (n = 76) (Table 2). A
comparison of the age and gender demographics of the
control and LBP cohorts is presented in Table 2. The control cohort was 39 % female and 61 % male, and the LBP
cohort was 62 % female and 38 % male (p = 0.046), though
both cohorts had comparable age distributions. The demographics and comparison of the treatment cohorts (ESI vs.
surgery) are presented in Table 3. Participants in the ESI
cohort were 55 ± 18 years old; 63 % were female and 37 %
were male. Participants in the surgery cohort were 49 ±
13 years old; 61 % were female and 39 % were male. In a
comparison between the control, ESI, and surgery cohorts,
no significant differences in age (p = 0.14) or gender (p =
0.12) distribution were observed. The ESI cohort had a
BMI of 29.8 ± 6.3, reported symptom duration of 20 ±
23 months and had an average smoking history of 5 packyears. Participants in the surgery cohort had a BMI of 28.9
± 5.6, reported symptom duration of 24 ± 42 months, and
had an average smoking history of 7.6 pack-years (Table 3).
No signficant differences were found in BMI, symptom
duration, or smoking history between the ESI and surgery
cohorts (p > 0.5). A significant difference was observed,
however, in the breakdown of diagnoses in the ESI and
surgery cohorts (p < 0.05). A significantly greater number of participants in the surgery cohort were diagnosed
with DH (74 %) than in the ESI cohort (48 %) (Table 3).
The distribution of Pfirmann grades in the surgery and
ESI cohorts is presented in Table 3.
Biochemical factors in LBP and control cohorts

Levels of IL-6, IL-8, IL-10, TNF-α, IFN-γ, MMP-1, MMP-3,
and MMP-9 were detectable in nearly all samples
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Table 2 Summary of participant demographics in control and
LBP cohorts
Control

LBP

p-value

N=26

N=107

Male

16 (61%)

41 (38%)

Female

10 (39%)

66 (62%)

48 ± 12

51 ± 15

Gender distribution

Age (mean ± SD)

0.046*

0.33

Statistical comparison of control vs. LBP cohorts was performed, and p-values
are presented
*p<0.05

(>98 % detected) (Table 1). Controlling for age and
gender effects, participants with LBP (combined ESI and
surgery cohorts) had serum IL-6 levels (0.52 ± 0.041 pg/ml)
that were 41 % higher than those of control participants
(0.37 ± 0.057 pg/ml; p = 0.049) (Fig. 1a). Serum levels
of MMP-1 (14,923 ± 1088 pg/ml) were 56 % lower in
LBP participants than in controls (26,264 ± 3828 pg/ml;
p = 0.0008) (Table 4, Fig. 1b). DDD severity in LBP participants was determined using the Pfirrmann grade
(Grades 2–5) of each participant’s MRI scans. Serum levels
of IL-6 and MMP-1 were similar across the severity grades
(Fig. 1c, d), with no significant differences found in these
biochemical factors on the basis of imaging analysis of
Table 3 Summary of participant demographics in ESI and
surgery treatment cohorts
ESI

Surgery

N=27

N=80

10 (37%)

31 (39%)

p-value

Gender distribution
Male
Female

0.89

17 (63%)

49 (61%)

Age (mean ± SD)

55 ± 18

49 ± 13

0.07

BMI (mean ± SD)

29.8 ± 6.3

28.9 ± 5.6

0.53

0.046*

Diagnosis breakdown (%)
DH

13 (48%)

59 (74%)

Other Dx

14 (52%)

21 (26%)

Spinal Stenosis

7

19

DDD

7

2

Symptom Duration
(months, mean ± SD)

20 ± 23

24 ± 42

0.71

Smoking History (pk yrs, mean ± SD)

5.0 ± 8.9

7.6 ± 13.2

0.51

Grade I

1

0

Grade II

2

4

Grade III

3

12

Grade IV

16

38

Grade V

5

26

Pfirmann Grade Distribution
(Number of subjects per grade)

Statistical comparison of ESI vs. surgery cohorts is presented (p-value)
*p<0.05

0.006*

disease severity grade. Levels of IL-1β, IL-2, IL-4, IL12p70, and IL-13 were detectable in a small percentage of
samples (9–59 % detected) (Table 1). Levels of IL-2 were
significantly lower in LBP subjects than in controls, and
levels of IL-4 were statistically higher in the LBP cohort
than in controls (Table 4).
We also compared biochemical levels between control
participants and participants in each treatment cohort
(surgery or ESI). IL-6 had a trend for higher levels in the
surgery and ESI cohorts than in controls (p = 0.08), with
no significant difference between the two treatment
groups (Fig. 2a). MMP-1 levels were 54 % lower in the
surgery cohort than in controls (p < 0.003), with no significant difference between the two treatment groups
(Fig. 2b). All other analytes measured in the multiplex
assays were found to be comparable between treatment
cohorts.
Relationships between diagnoses and biochemical levels

Because differences in diagnoses were observed between
treatment cohorts, an analysis was performed to compare the levels of serum biochemical factors based on
diagnoses. A comparative analysis of the demographics
and comorbidities between diagnostic groups is presented in Table 5. No significant differences were found
in gender distribution or BMI between DH and Other
Dx (Table 5). However, significant differences were observed in subject age and duration of symptoms between
diagnostic groups. Participants with LBP due to Other
Dx had a higher mean age and longer mean duration of
symptoms (36 months) than DH participants (16 months;
p < 0.0002) (Table 5). Controlling for effects of age,
gender, and OA history, participants with SS or DDD
(Other Dx) were found to have significantly higher levels
of IL-6 than participants with DH (Table 6). Mean
serum IL-6 levels in Other Dx (0.74 ± 0.116 pg/ml)
were 57 % higher than levels measured in DH subjects
(0.47 ± 0.060 pg/ml; p < 0.02) (Fig. 2c). MMP-1 levels were
significantly lower in DH subjects than in controls, though
no significant differences were observed between DH and
Other Dx participants (Table 6, Fig. 2d). Changes in levels
of IL-13 by diagnosis varied based on gender. In males,
IL-13 levels were significantly higher in DH than in Other
Dx (p < 0.05), though no significant difference was observed in female subjects by diagnosis (Table 6). No other
biochemical factor was found to have significant interaction between gender and diagnosis group.
Correlations between IL-6 and MMP-1 levels and
clinical metrics

Spearman’s correlation coefficients were used to determine the relationship between IL-6 or MMP-1 levels
with age, BMI, symptom duration, or smoking history.
IL-6 levels in subjects with LBP were found to be
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A

B

C

D

Fig. 1 Comparison of serum levels of (a) interleukin (IL)-6 and (b) matrix metalloproteinase (MMP)-1 between control subjects and participants
with low back pain (LBP). Levels in participants with LBP were analyzed by pooling the epidural steroid injection and surgery cohorts. Analysis of
serum levels of (c) IL-6 and (d) MMP-1 in participants with LBP based on disease severity, classified by Pfirmann grade, where grade 2 represents
low disease severity and grade 5 represents high disease severity. Each symbol represents values from a single subject; midline represents the
mean; and error bars represent the standard error. *p < 0.05, **p < 0.005

significantly correlated with BMI (ρ = 0.311; p < 0.005),
symptom duration (ρ = 0.219; p < 0.05), and age (ρ = 0.225;
p < 0.05) (Fig. 3). MMP-1 levels were found to be significantly correlated with subject age (ρ = 0.217; p < 0.05)
(Fig. 4). No significant correlation was observed between
MMP-1 and BMI or symptom duration (Fig. 4). Smoking
history did not significantly correlate with either IL-6 or
MMP-1 levels (Figs. 3d, 4d).

Discussion
The goals of this study were to examine circulating
levels of inflammatory and degenerative mediators
associated with IVD disease and to evaluate changes in
serum levels based on clinical factors, including diagnosis, age, gender, duration of symptoms, and two features
associated with poor outcomes of treatment of LBPBMI and tobacco use. Our findings indicate that the

serum level of IL-6 is significantly higher in participants
with LBP. Participants with LBP due to SS or DDD
(Other Dx) had significantly higher levels of IL-6 than
participants with DH and controls. Positive correlations
were found between IL-6 levels and BMI, symptom duration, and age. We also observed that MMP-1 levels
were lower in subjects with LBP, specifically subjects
with DH, relative to controls. MMP-1 levels were found
to be positively correlated with age. We did not observe
significant differences in IL-6 or MMP-1 serum levels
with respect to disease severity as classified by Pfirrmann
grade. MRI findings have been shown to have poor
correlation with symptomatic degeneration and do not
correlate to functional impairment or pain [56, 57].
To evaluate the significance of cytokine modulation in
pathological conditions, it is necessary to establish the
physiological range of these molecules in healthy
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Table 4 Serum biochemical factor levels of control or LBP
subjects (geometric mean ± corresponding standard error, pg/ml)
Biochemical factor

Control levels
(pg/ml)

LBP levels (ESI &
Surgery, pg/ml)

p-value

IL-1β

0.028 ± 0.004

0.033 ± 0.003

0.34

IL-2

0.14 ± 0.026

0.068 ± 0.006

0.0005***

IL-4

0.012 ± 0.002

0.018 ± 0.001

0.012*

IL-6

0.37 ± 0.057

0.52 ± 0.041

0.049*

IL-8

12.49 ± 2.34

10.11 ± 0.95

0.32

IL-10

0.25 ± 0.040

0.23 ± 0.018

0.71

IL-12p70

0.075 ± 0.012

0.089 ± 0.007

0.39

IL-13

0.29 ± 0.039

0.34 ± 0.022

0.39

TNF-α

2.05 ± 0.21

2.47 ± 0.13

0.11

IFN-γ

5.06 ± 0.97

4.86 ± 0.47

0.86

MMP-1

26,264 ± 3,828

14,923 ± 1,088

0.0008**

MMP-3

14,612 ± 1,862

15,440 ± 984

0.70

MMP-9

169,618± 21,665

151,437 ± 9,679

0.43

Statistical analysis (p-value) of differences in levels between control and LBP
participants was performed using ANCOVA controlling for age and gender effects
*p<0.05, **p<0.005, ***p<0.0005

subjects. Serum cytokine levels vary by age, gender, sample type, and type of assay used, among many other variables. The levels of IL-6 measured in the present study
are within the reported range for normal human sera,
suggesting that LBP subjects have low-grade systemic
inflammation. Elevation of circulating IL-6 levels in participants with DDD (part of Other Dx) compared with
DH are consistent with observed differences in disc tissue cytokine levels based on diagnosis [58]. Differential
protein levels of IL-6 in tissues from participants with
DH or DDD have been observed in vitro, with higher
levels in samples from subjects with confirmed discogenic pain caused by DDD than in those with DH or
sciatica [58]. While we did not segregate patients based
on the nature of pain (i.e., discogenic, neuropathic, or
mixed), the findings based on diagnosis suggest that patients with discogenic back pain due to DDD or SS may
have higher circulating levels of IL-6 than patients with
radicular or neuropathic pain associated with herniated
discs. Nevertheless, the direct relationship between IVD
tissue and blood levels of IL-6 is unknown and future
studies investigating the relationship between local (i.e.
disc) and circulating cytokine levels are warranted to
more conclusively identify the source of elevated systemic cytokine levels. An elevated circulating level of IL6 represents the complex role of this cytokine in disc
diseases and pain. IL-6 can be spontaneously produced
in vitro by human herniated and degenerated (i.e., nonherniated) discs [36, 44], and genetic variations in IL-6
are associated with increased risk for IVD disease and
back pain [59–61]. IL-6 stimulation of human NP cells
downregulates ECM gene expression and PG synthesis

[62]. In preclinical models, IL-6 increases production of
TNF-α by neurons in dorsal root ganglia and sensitizes
dorsal root ganglia to painful stimuli [63, 64]. IL-6 expression levels increase in response to IVD injury in preclinical models [65, 66], and inhibition of IL-6 signaling
may be a potential target for analgesic treatment of
DDD [65].
In clinical studies, higher serum levels of IL-6 in participants with DH with reported higher pain scores were
found relative to participants with lower pain scores
[48]. The findings of the present clinical study are the
first to be based on examination of circulating cytokine
levels in DDD and SS and provide evidence for a more
extensive role of IL-6 in disc disease, where patients with
DDD or SS have even higher serum cytokine levels than
those with DH or control participants. While subjects
with a current or past history of OA were not excluded
from enrollment in this study, our findings indicate that
OA history does not have an appreciable effect on the
findings of significantly elevated levels of IL-6 in LBP
subjects or on the relative differences observed based on
diagnosis of LBP. It is unknown if circulating cytokines
are causative of degenerative changes and pain or
whether elevated cytokine levels are a consequence of
the degeneration and painful condition. Elevated serum
IL-6 levels at presentation have also been associated with
worse outcomes in recovery from DH at 1-year followup [49]. While the effects of elevated serum cytokines in
SS or DDD on clinical outcomes are unknown, we
speculate that elevated IL-6 levels may be similarly associated with poorer outcomes. For example, low-grade
systemic inflammation may promote positive feedback
in proinflammatory signaling and degradative enzymes,
leading to matrix impairment and bone remodeling, potentially creating an environment that exacerbates degenerative changes.
There are multiple sources of IL-6 secretion and activation in disc-related diseases. In DH, an inflammatory
immune response is expected following the protrusion
of an immune-privileged NP tissue. In a pilot study consistent with this theory, Kraychete et al. found elevated
levels of serum IL-6 in participants with DH compared
with controls [67]. In the present study, IL-6 levels in
the DH group were on average higher than control
levels, though this finding did not achieve statistical significance in a comparison of three groups (DH, Other
Dx, and control). The lack of a significant difference in
IL-6 levels between the control and DH cohorts may be
due to the contributions of covariates, such as age, gender, and OA history, which were controlled for in the
present study but not in the study by Kraychete et al.
[67]. Cells from degenerated (i.e., nonherniated) discs secrete increased levels of proinflammatory cytokines [44].
Stress concentrations and changes in nondisc tissues of
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Fig. 2 Comparison of serum levels of (a) interleukin (IL)-6 and (b) matrix metalloproteinase (MMP)-1 between control, surgery, and epidural
steroid injection (ESI) cohorts. Comparison of serum levels of (c) IL-6 and (d) MMP-1 in participants with low back pain by diagnosis. DH disc
herniation, Other Dx other diagnoses including spinal stenosis and degenerative disc disease. Each symbol represents values from a single subject;
midline represents the mean; and error bars represent the standard error. *p < 0.05, **p < 0.005, ***p < 0.0005, ^p = 0.08

the lumbar spine contribute to the degenerative etiology.
In SS, hypertrophy and calcification of spinal ligaments
may compromise the adjacent spinal canal and neural
foramina. Vertebral bones enlarge due to increased bone
stress and cause bone spurs, which can encroach on the
spinal canal. Hypertrophy of spinal ligaments, overgrowth of bone, and formation of bone spurs may all
contribute to the increased systemic levels of IL-6 in SS
and DDD (Other Dx). While weakness in outer IVD is a
prerequisite for DH to occur, it is not typically associated
with bone spur formation or ligament hypertrophy.
Interestingly, some studies have reported elevated circulating levels of TNF-α in subjects with LBP relative to
control subjects [67, 68]. Our findings suggest that while
raw TNF-α levels may be elevated, modeling contributions
of age, gender, and OA history attenuates potential differences in TNF-α levels between LBP and control subjects.
We observed lower levels of MMP-1 in subjects with
LBP, specifically due to DH, than in control subjects. In

disc tissue, expression of MMP-1 is enhanced in degenerated tissue compared with healthy human disc tissue,
and MMP-1 expression by disc cells increases with increasing disease severity [17–20, 69]. The lower serum
levels of MMP-1 observed in this study may be indicative of misregulation of MMP-1 levels or activity, confounded by activity of the natural inhibitors of MMP-1
(e.g., tissue inhibitor of metalloproteinases [TIMPs]) or
the numerous substrates on which MMP-1 acts [70, 71].
Misregulated levels of many MMPs are observed in
many diseases that are characterized by or associated
with inflammation. For example, serum MMP-1 levels
have been found to be elevated in individuals with disease involving tissue turnover and remodeling, such as
OA and RA, compared with healthy controls [72].
Serum MMP-3 levels did not differ between OA patients
and normal sera, however, but were elevated in sera
from patients with RA [72]. While decreased MMP-1
levels may imply reduced degradation compared with
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Table 5 Demographics factors in LBP participants based on
diagnostic group
DH

Other Dx

p-value

Number of subjects

72

35

Age (mean ± SD)

47 ± 14

58 ± 13

Gender (% male, % female)

39%, 61%

37%, 63%

1.00

BMI (mean ± SD)

28.8 ± 6.0

29.5 ± 5.2

0.32

Duration of Symptoms
(months, mean ± SD )

16 ± 31

36 ± 46

0.0002***

Smoking History
(pk yrs, mean ± SD)

5 ± 9.2

10.5 ± 16.4

0.13

OA History (number of
subjects, % of cohort)

9 (13%)

9 (26%)

0.10

0.001**

DH: Disc Herniation; Other Dx: Other diagnoses including spinal stenosis (SS)
and degenerative disc disease (DDD). Statistical analysis of differences
between DH and Other Dx are presented with p-value
**p<0.005, ***p<0.0005

subjects with higher levels, net collagenolytic activity is
determined more by the balance between TIMPs and
MMPs. Some studies suggest that systemic levels of
MMPs vary in individuals on the basis of MMP polymorphisms, where polymorphisms in the MMP-1 gene confer
a functional effect on circulating levels of MMP-1 in RA
and other diseases [73–76]. Polymorphisms of MMP-1
have been associated with an increased risk of developing
lumbar disc disease and may contribute to LBP, sciatica,
Table 6 Geometric Mean ± corresponding standard error (pg/ml)
of serum biochemical factors are reported and compared based
on diagnostic groups
DH

Other Dx

p-value

IL-1β

0.033 ± 0.004

0.037 ± 0.005

0.52

IL-2

0.067 ± 0.011

0.064 ± 0.013

0.83

IL-4

0.017± 0.002

0.019 ± 0.003

0.30

IL-6

0.47 ± 0.060

0.74 ± 0.116

0.014*

IL-8

9.57 ± 1.48

12.68 ± 2.43

0.20

IL-10

0.22 ± 0.030

0.27 ± 0.046

0.25

0.11 ± 0.015

0.079 ± 0.014

0.14

0.43 ± 0.059

0.28 ± 0.050

0.046*

Cytokines (pg/mL)

IL-12p70
IL-13

Male

0.32 ± 0.037

0.44 ± 0.067

0.081

TNF-α

Female

2.33 ± 0.20

2.80 ± 0.30

0.14

IFN-γ

4.74 ± 0.73

6.16 ± 1.19

0.23

MMP-1

15,918 ± 1911

17,730 ± 2650

0.53

MMP-3

16,471 ± 1799

16,304 ± 2219

0.95

MMP-9

154,271 ± 15,925

145,514 ± 18,705

0.69

MMPs (pg/ml)

DH: disc herniation; Other Dx: other diagnoses include spinal stenosis (SS) and
degenerative disc disease (DDD). Statistical analysis (p-value) of differences
between DH and Other Dx was performed with ANCOVA, controlling for
effects of age, gender and OA history
*p<0.05.

and disability after lumbar DH [77–79]. Further studies
investigating the relationship between local (i.e., disc) and
systemic MMP and cytokine levels are warranted to more
conclusively identify the function of decreased MMP-1
levels and source of elevated IL-6 levels.
Biomarkers are objective, measurable tools that can
predict the incidence or staging of disease, and they have
been validated in the context of several diseases. Pain is
an intensely subjective experience, and depression is a
frequent comorbidity of persistent LBP that is more
likely to affect subjective pain measures than serum biochemical levels [80]. Participants in this study were recruited from multiple clinical sites and were evaluated
for LBP by their treating physicians on the basis of
standard clinical practices. Though validated pain questionnaires were not used in subject recruitment, we observed a significant correlation between IL-6 levels and
symptom duration, suggesting that IL-6 levels may be
associated with pain measurements (e.g., intensity) in
study participants. In many investigations of painful conditions, such as fibromyalgia and OA, investigators are
trying to identify systemic factors that can be used to aid
diagnosis, stage severity, and indicate prognosis. In
chronic pain, circulating IL-6 levels have been correlated
with pain levels [81]. In individuals with isolated back
pain without radiculopathy, Sowa et al. demonstrated
associations between serum levels of neuropeptide Y or
chondroitin sulfate 846 with pain and pain-related
function [82]. The relationship between inflammatory
mediators and pain is not exclusive to LBP, as cytokines
and chemokines play a critical role in neuropathic pain
[83, 84]. Not surprisingly, patients with other diseases
associated with neuropathic pain have systemic elevations of cytokines as well. Patients with knee OA were
found to have significantly higher serum levels of IL-6
and IL-10 than controls, though levels of TNF-α and
IL-8 were not found to be different in knee OA vs. control
subjects [85]. Patients with RA also have elevated systemic
IL-6 compared with other patients with joint pain [86].
Elevations in serum levels of IL-6 have also been described
in association with aging. Numerous studies of healthy
older adults show that levels of several cytokines, especially IL-6 and TNF-α, increase with age in the absence of
disease or acute infection. Though correlated with age, the
etiology of elevated inflammatory markers remains incompletely defined; however, it is attributed to factors such as
visceral adiposity, lower sex steroid hormones, smoking,
depression, and periodontal diseases associated with aging
[87]. IL-6 levels also increase with BMI and obesity in the
absence of other disease [88]. The correlations we observed with increasing BMI underscore the role of obesity
as a risk factor for LBP [89] and may implicate systemic
inflammation in chronic painful conditions. Increased
BMI is associated with disc space narrowing and is a
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Fig. 3 Spearman’s correlation coefficients between interleukin (IL)-6 levels and (a) age, (b) symptom duration, (c) body mass index (BMI), or
(d) smoking history. The resulting Spearman’s correlation coefficient (ρ) and corresponding p value are reported

positive risk factor for the development of disc degeneration [90, 91]. This may be due to moderate changes in
spinal loads with increasing body weight [92], acting in
concert with in an inflammatory milieu caused by higher
amounts of adipose tissue.
While many physiological or pathological process may
alter circulating biochemical levels (e.g., increases in IL-6),
biochemical factors with established roles in disc diseases
and pain may prove useful, possibly in combination with
emerging imaging technology such as T1ρ MRI or with
joint metabolism biomarkers measured in urine or serum
[93], to define a more specific profile and mechanism of
disease. T1ρ MRI provides a measure of functional disc
integrity [94–98], shows promise for more sensitive and
early identification of disc pathology, and may have
stronger correlations with clinical status than standard
MRI. Combining cytokine profiles with joint metabolism
biomarkers or advanced spinal imaging technology may

be useful in developing biomarker profiles of participants
with disc diseases of varying etiologies and severities.
Discography for the diagnosis of the pain generator level
in LBP is now generally in decline due to lack of diagnostic accuracy and sensitivity and because of its invasive
nature. Serum cytokine profiling may represent a less
invasive approach to evaluation of subjects in the absence
of specific disc pathology on clinical imaging. Measures of
serum biochemical factors in patients with disc diseases
may assist in refining diagnoses and possibly by defining
more uniform cohorts of patients with reference to circulating inflammatory levels.
ESI is commonly used for treatment of LBP, where nonspecific immunosuppression may affect inflammatory etiologies of pain. There has been increased use of epidurally
injected medications with increased specificity, including
U.S. Food and Drug Administration–approved agents that
target TNF-α (e.g., infliximab, adalimumab, and etanercept)
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Fig. 4 Spearman’s correlation coefficients between matrix metalloproteinase (MMP)-1 levels and (a) age, (b) symptom duration, (c) body mass
index (BMI), or (d) smoking history. The resulting Spearman’s correlation coefficient (ρ) and corresponding p value are reported

or IL-6 (tocilizumab). The efficacy of these drugs in treating LBP is still being evaluated, but studies have shown
symptomatic improvement for patients with radiculopathy
[99], perhaps due to mitigating the effects of inflammation
on the dorsal root ganglia [100]. Ohtori et al. reported
reduction of radicular leg pain, numbness, and LBP with
tocilizumab in patients with SS [101]. However, there are
few other studies in which researchers have presented
clinical data on LBP due to other diagnoses or in the
absence of radiculopathy. The possibility of using serum
cytokine measures of IL-6 to predict response to treatment with progressively targeted therapies fits the emerging concept of personalized molecular medicine, where
treatments are tailored to an individual’s specific biology
through increasingly sensitive detection of molecular abnormalities, and the use of these inflammatory mediators
as biomarkers for LBP.
Study limitations

While statistical significance was observed for IL-2 and
IL-4 levels between the control and LBP cohorts, these

findings are limited by the fact that only 59 % and 28 %
of all samples, respectively, had detectable levels. Similarly, IL-13 levels significantly differed in male subjects
by diagnoses; however, IL-13 levels were detectable in
only 41 % of samples. The relatively low percentages of
detected levels of IL-2, IL-4, and IL-13 are consistent
with data provided by the assay manufacturer for measurements in normal human serum. Therefore, caution
is warranted in interpreting the findings of significant
differences in these factors.
This study included inhomogeneous distributions of
participants across treatment or diagnosis cohorts. The
number of participants undergoing surgery was greater
than those undergoing ESI. Similarly, the diagnoses are
not equally represented, with significantly more participants having DH compared with Other Dx. Participants
undergoing surgery for DDD are particularly underrepresented (n = 2), in part because the indications for surgery with discogenic back pain remain controversial and
participants with a history of discogram were excluded.
Additionally, comorbidities may potentially affect

Weber et al. Arthritis Research & Therapy (2016) 18:3

inflammatory mediators observed in the systemic circulation of control participants.

Conclusions
Serum levels of IL-6 were significantly higher and levels of
MMP-1 were significantly lower in participants with LBP
than in control subjects. Participants with LBP due to SS
or DDD (Other Dx) had significantly higher levels of IL-6
than participants with DH and control subjects, after controlling for effects of age, gender, and OA history. This
finding suggests that circulating proinflammatory cytokines play a more extensive role in disc diseases such as
SS and DDD. Positive correlations were found between
IL-6 levels and BMI, symptom duration, and age in participants with LBP. MMP-1 levels were also positively correlated with subject age in the LBP cohort. The results of
the present study, where circulating levels of IL-6 in participants with DDD (part of Other Dx) were significantly
higher than DH, are consistent with observed differences
in disc tissue cytokine levels. The observed lower levels of
circulating MMP-1 in DH are somewhat unexpected and
may represent dysregulation of MMP-1 activity in this
diagnosis group. It is unknown if circulating cytokines are
causative of degenerative changes and pain or whether elevated cytokine levels are a consequence of the degeneration and pain condition. In future studies, we will
evaluate the relationship between cytokine levels and outcomes to treatment of SS and DDD, as described in our
recent exploratory study [102].
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