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Abstract
Study Design: Prospective case series.

Objective: Determine whether particular inflammatory cytokines are present within the painful degenerative disc and if so, whether these
may serve as biomarkers for post-operative improvement.

Summary of Background Data: Low back and leg pain are common problems that may arise as sequelae of degenerative disc disease of the
lumbar spine. The production of pain by the degenerative disc remains controversial and the underlying pathophysiology is largely unknown.
Previous studies of cytokines in the disc have predominately focused on in vitro culture of disc tissue after surgical excision. The in vitro culture
environment may influence the expression of cytokines thus producing different results than those present in vivo.

Methods: Thirty-one lumbar intervertebral discs from 27 subjects with low back pain were removed using an anterior approach and placed
in a solution containing protease inhibitors. Lavage of the disc space was also performed in 19 discs during discectomy for comparative analysis
to whole disc samples. For cytokine analysis the solution surrounding each disc and the Inradiscal lavasates were then analyzed for 27 cytokines
simultaneously in each sample using a Multiplex immunoflourescent assay system. Cytokine data were also compared to data from 20 non painful
lumbar disc samples - 4 from the non painful control level during discography and 16 from intraoperative lavage of non painful scoliosis discs.

Results: In whole discs there was a statistically significant elevation of interleukin (IL)-13, IL-10, IL-9, macrophage inflammatory protein
(MIP)-1beta, fibroblast growth factor (FGF)-basic, Eotaxin, vascular endothelial growth factor (VEGF) and interferon-gamma-induced protein-10
(IP-10) compared to non painful control discs. There was also a significantly greater concentration in lavage samples of IL-10, IL-12, IL-9, MIP-
1b and VEGF compared to non painful control discs. There was no statistically significant difference in the concentration of cytokines measured
by whole disc lavage compared to disc space lavage except for IL-10 (p<0.001), GM-CSF (p<0.05) and IL-12 (p<0.005); the levels of which were
greater in the samples taken from the disc space than from the whole disc. Cytokine concentrations measured in control disc were zero for all
measured cytokines except IL-17 and [P-10. No significant correlation was found between pre-op VAS or pre-op ODI and any analytic. There was a
significant correlation with pre-op SF-36 and IP-10 (p< 0.001; Rho=.75) and IL-9 (p < 0.05; Rho=0.61). Weak to moderate correlation was found
for 6-month VAS and MCP-1 (Rho = -.48), IL-6 (Rho =0.59 ),RANTES (Rho =0 .59) and PDGF-bb (Rho = 0.67). Statistically significant but weak to
moderate correlations were found between change in VAS from pre-op to last follow-up for MCP-1 (p<0.05; Rho=0.47) and VAS at last follow-up
for MCP-1 (Rho = 0.60; p<0.005) and GM-CSF (Rho=0.47; p<0.05).

Conclusion: Out of the 27 cytokines measured using the multiplex panel, there was a significantly greater concentration of IL-13, IL-10, IL-9,
MIP-1beta, FGF-basic, eotaxin, VEGF and IP-10 in the intervertebral disc of subjects with degenerative disc disease undergoing surgical treatment
with anterior/posterior lumbar fusion compared to non-painful control discs. The pre-op concentration of MCP-1, RANTES, IL-6 and PDGF-bb
had the strongest correlation to outcome measures.

Keywords: Spine; Lumbar; Degenerative disc disease; inflammation, inflammatory cytokine; Multiplex; Interleukin; Eotaxin; Interferon gamma
induced protein; Vascular endothelial growth factor; Fibroblast growth factor; Macrophage inflammatory protein

Introduction

abnormalities and/or pain in the affected area of the lower
back, buttock and/or lower extremity. Nerve root or dorsal root

. - . anglia compression may be responsible for paresthesia, but
Lumbar disc herniation can manifest as sensory gang p y p p

may not completely explain the production of pain [1]. Although
the literature suggests a correlation between radiculopathic

Ortho & Rheum Open Access J 4(3): OROAJ.MS.ID.555638 (2017) m


http://dx.doi.org/10.19080/OROAJ.2017.03.555638

http://juniperpublishers.com/oroaj
http://juniperpublishers.com/oroaj/
http://juniperpublishers.com/oroaj/
http://juniperpublishers.com

Orthopedics and Rheumatology Open Access Journal

pain and the presence of inflammatory mediators, prior studies
have focused on a small number of inflammatory mediators or
have been based on in vitro analyses.

Ahn et al. [2] observed an association between IL-8 and
TNF-alpha mRNA expression and radicular pain in a study of
surgically excised discs from 23 patients with disc herniation
[2]. In a study of 72 patients undergoing anterior spinal surgery
for sciatica and scoliosis (control), scoliotic and herniated
intervertebral disc tissues were obtained intraoperatively,
and analyzed for the production of pro-inflammatory IL-8 and
monocyte chemo attractant protein-1 (MCP-1). Compared to
controls, tissue samples from patients with radiculopathic pain
expressed both MCP-1 and interleukin (IL)-8 in significantly
higher concentrations [3]. Higher levels of IL-1 have been
observed in peri radicular and extra neural tissues in patients
with herniated nucleus pulpous (NP) as compared to control
[4]. Increased levels of IL-1-beta, macrophages and other
inflammatory cells have been observed in disc tissue of herniated
NP patients compared to controls. However, results were
variable [5]. Inflammatory cells (macrophages, T-lymphocytes),
fibroblasts and endothelial cells expressing the Chemokines
MCP-1 and macrophage inflammatory protein-1-alpha (MIP-
1a) were found to be higher in herniated NP group than control
group disc samples [6].

In an in vitro study of eight intervertebral disc specimens
harvested during spinal surgery for lumbar disc herniation,
endogenous IL-1-beta was found to increase mRNA expression
of IL-1-beta and IL-6 [7]. In culture media, discs that were
herniated spontaneously produced higher levels of matrix
Metalloproteinases, nitric oxide, IL-6, and PGE2. Interestingly,
TNF-alpha, IL-1beta, IL-1alpha were not found in herniated NP
or control discs [8]. PGE2 activity was higher in certain types
of disc herniations, and tended to be correlated with clinical
findings such as the straight leg raise test [9].

All ofthese studies quantified or detected the presence of only
one or a few cytokines in each subject. Furthermore, the in vitro
environment may not provide an accurate representation of the
physiologic or pathophysiologic biochemical mileu. Therefore
in the current study the concentration of 27 inflammatory
cytokines or immune mediators have been measured in whole
lumbar intervertebral discs harvested during discectomy
surgery, as well as in vivo disc lavages from some of these same
discs. The concentrations of these analytics were also compared

to that of non-painful control discs.

Methods

This was a prospectively designed study that received
institutional review board approval and enrolled patients
undergoing surgical treatment at Sutter Memorial Hospital in
Sacramento, California for lumbar degenerative disc disease

causing low back pain with or without leg pain. Whole discs were
excised in the usual manner during an anterior approach prior
to lumbar interbody fusion (ALIF) that was performed as part
of a circumferential anterior/posterior lumbar discectomy and
fusion at the L3-4, L4-5 or L5-S1 level. The samples were placed
into freeze-safe tubes containing 5 ml of protease inhibitor
cocktail per tube at a dilution of 1 complete protease inhibitor
cocktail tablet (Roche, New York, NY) in 2ml of phosphate-
buffered saline and immediately flash-frozen in liquid nitrogen
and stored at -80C until shipping at a later date.

For disc lavage samples, smaller 2 ml tubes were used,
containing 0.13ml volume of protease inhibitor cocktail. Samples
were shipped frozen on dry ice to Stanford University School of
Medicine for further storage at -80 C, processing and analysis.
The investigators at Stanford received the samples labeled with
a numerical code and were therefore blinded as to the type of
disc material being analyzed until the end of the study. Each
patient that agreed to participate in the study was asked to
read and sign a consent form and complete the SF-36, Oswestry
Disability Index and 11-point visual analog score questionnaires
at baseline. Patients were followed post-operatively as usual at 2
weeks, 3 months, 6 months, 12 months and 24 months.

Cytokine concentration assay

Thirty-one lumbar intervertebral discs from 27 subjects
with low back pain with or without leg pain were removed
using an anterior discectomy approach. Lavage of the disc was
also performed in 19 discs during discectomy for comparative
analysis to whole disc samples. For cytokine analysis each
excised disc that was frozen in protease inhibitor solution
was thawed on ice and the lavasate that had bathed the disc
fragments was then analyzed for 27 cytokines simultaneously in
each sample using a multiplex immunofluorescent assay system.
Lava sates from intradiscal lavages were analyzed in the same
manner. Cytokine data were also compared to data from 20 non-
painful lumbar disc samples - 4 from the non-painful control
level during discography and 16 from intraoperative lavage of
non-painful scoliosis discs.

A pre-configured Bio-Plex™ Human Cytokine 27-Plex Assay
was used to determine the concentration of interleukin-1f (IL-
1B ), IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12
(p70), IL-13, IL-15, IL-17, granulocyte-colony stimulating factor
(G-CSF), granulocyte macrophage-colony stimulating factor (GM-
CSF), interferon (IFN)-y, monocyte chemo attractant protein
(MCP)-1, macrophage inflammatory protein(MIP)-1beta (MIP-
1B), MIP-1a,tumor necrosis factor (TNF)-«, eotaxin, interferon-
gamma-induced protein-10 (IP-10), fibroblast growth factor
(FGF)-basic, RANTES, vascular endothelial growth factor (VEGF)
and platelet-derived growth factor (PDGF)-bb. The immunoassay
consists of a capture sandwich assay whereby 5.5 um diameter
polystyrene beads serve as the solid phase.
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A monoclonal antibody directed against each cytokine
is covalently coupled to the fluorescently-dyed beads. The
conjugated beads are then reacted with the sample (or a
standard containing a known amount of each targeted cytokine
for calibration and as positive control). Then a biotinylated
antibody thatis specific for the cytokine of interestis added to the
reaction, resulting in the formation of a sandwich of antibodies
around the targeted cytokine. The reaction is then detected by
the addition of streptavidin-phycoerythrin, which binds to the
biotinylated detection antibodies [10]. The reaction mixture is
then analyzed by the Bio-Plex™ array reader, which uses a red
classification and a green reporter laser to illuminate individual
beads to identify each bead’s spectrum and associated reporter
signal.

The sample size was chosen using a statistical power analysis.
The effect size was calculated using estimates of expected mean
differences and standard deviations based upon prior studies
reported in the literature. Hulse et al. [10] measured a variety
of inflammatory cytokines in the serum of rats and reported
concentrations ranging from 30pg/ml to 1346 pg/ml with
standard deviations ranging from 12 to 26 % of their reported
mean values. Prabhakar et. al. [11] measured TNF-q, IL-8, IL-6
and IL-1f levels in human plasma and reported a range of 1 to
50 pg/ml with standard deviations ranging from 13 to 36% of
mean values.

Wau et. al. [12] reported levels of TNF-a, IL-1f, IL-6, IL-8 and
IL-1RA in the range of 2 to 250pg/ml in human venous blood
with standard deviations in the range of 20 to 30% of mean
values. We therefore chose the high value of 36% of mean as
a conservative estimate of standard deviation expected in our
study. De Jageret. al. [13] reported 5-fold higher concentrations
IL-10 in control patients as compared to those with Rheumatoid
arthritis, while Wu et. al. [12] reported increases ranging from
4.5- to 10-fold when IL-6, IL-8 and IL-1RA were measured
in venous blood before and at the end of an invasive surgical
procedure. Therefore, an estimated 2-fold increase or decrease
in mean cytokine values was used in our effect size calculation,
which is reasonable while maintaining adequate sensitivity.

Exclusion criteria

Patients who had systemic inflammatory arthritis or had had
a lumbar epidural steroid injection during the previous 3 weeks
were excluded from all groups.

Results

The patient population is summarized in (Table 1). Briefly,
31 discs were analyzed from 27 patients, mostly from the L4-5
or L5-S1 levels. Intra-operative disc lavages were also performed
in 19 of these patients. Average follow-up of 40 months was
achieved (range 12-60 months). In whole discs there was a
statistically significant (p<0.05) elevation of the concentration

(pg/ml; mean +/1 SEM) of IL-13 (1.6+/-0), IL-10 (2.6+/-0),
IL-9 (7+/-1), MIP-1beta (9+/-2)(Figure 1), FGF-basic (55+/-
9), eotaxin (69+/-10)(Figure 2), VEGF (2542 +/- 255) and IP-
10 (5076 +/- 607) (Figure 3) compared to non-painful control
discs. There was also a significantly greater concentration in
lavage samples of IL-10, IL-12, IL-9, MIP-1b and VEGF compared
to non-painful control discs. RANTES (3644 +/- 2251) and IL-
1ra (232 +/- 63) were also detected at high levels in both whole
disc and lavage samples but the differences between the non-
painful control levels did not reach statistical significance due to
large variation.
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Figure 1: Concentration (picograms/milliliter) of various analytes
measured in whole discs (black bars), within disc lavages
(thatched bars) and within non-painful control discs (white bars).
Error bars are SEM. *p<0.05; **p<0.01.
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Figure 2: Concentration (picograms/milliliter) of various analytes
measured in whole discs (black bars), within disc lavages
(thatched bars) and within non-painful control discs (white bars).
Error bars are SEM. *p<0.05; **p<0.01.
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Figure 3: Concentration (picograms/milliliter) of various analytes
measured in whole discs (black bars), within disc lavages
(thatched bars) and within non-painful control discs (white bars).

Error bars are SEM. *p<0.05; **p<0.01.
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Figure 4: Concentration (picograms/milliliter) of various analytes
measured in whole discs (black bars), within disc lavages
(thatched bars) and within non-painful control discs (white bars).
Error bars are SEM. *p<0.05; **p<0.01.
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Table 1: Study Population.

Study Population

Females 12
Males 15
Age-mean + SD 50 + 11
Age-range 37-68
Pre-op VAS 8.5+ 1.3
VAS at 6 mo F/U 53+1.9
VAS at 12 mo F/U 5.3+ 25
VAS at 24 mo F/U 55+1.5
Pre-op SF-36
33 +27
(0-100; 100 is best)
Pre-op ODI
57 £ 20
(0-100; 100 is worst)
Whole discs analyzed: 31
Total 1
L2-3 3
L3-4 13
L4-5 14
L5-S1
Intra-op discs lavaged
19
Total
2
L3-4
7
L4-5
10
L5-S1

The following cytokines were measured at an average
concentration of less than 1.0 pg/ml: IL-15, IL-1beta, IL-2, IL-4,
IL-5, IL-7, G-CSF and TNF-a (Figure 4). There was no statistically
significant difference in the concentration of cytokines measured
by whole disc lavage compared to disc space lavage except for
IL-10 (p<0.001), GM-CSF (p<0.05) and IL-12 (p<0.005); the
levels of which were greater in the samples taken from the disc
space lavage than from the whole disc. Cytokine concentrations
measured in control disc were zero for all measured cytokines

except IL-17 (5.5 +/- 7.9pg/ml) and IP-10 (69 +/- 59). No
significant correlation was found between pre-op VAS or pre-
op ODI and any analytic. There was a significant correlation
between pre-op SF-36 and IP-10 (p< 0.001; Rho=.75) and IL-9 (p
< 0.05; Rho=0.61). Weak to moderate correlation was found for
6-month VAS and MCP-1 (Rho = -.48), IL-6 (Rho =0.59), RANTES
(Rho =.59) and PDGF-bb (Rho = 0.67). Statistically significant
but weak-moderate correlations were found between change in
VAS from pre-op to last follow-up for MCP-1 (p<0.05; Rho=0.47)
and VAS at last follow-up for MCP-1 (Rho = 0.60; p<0.005) and
GM-CSF (Rho=0.47; p<0.05) [13].

Discussion

Degenerative disc disease of the spine is a common clinical
entity. The mechanisms by which it occurs, and how it produces
pain, remain unknown. The possibility of a degenerative disc
serving as the primary source of back pain remains controversial.
However, there is substantial evidence that the intervertebral
disc is innervated [14-22] and that there is pathologic in-
growth of nociceptive neuronal fibers at some point during
the degenerative process [23,24]. Neuronal sensitization may
explain discogenic pain; it is well-established that nociceptive
neurons can become sensitized by tissue injury [25], irritant
chemicals [26], inflammatory mediators [27], acidic environment
[28] and hypoxia [29] - factors that may be present within the
degenerative disc [30].

While the pathologic changes that occur in the degenerative
disc remain to be investigated, even less is known regarding
the bioactive signal that initiates the alteration in intradiscal
neuronalfunction. There is some evidence that nerve growth
factor (NGF) is up-regulated in the setting of tissue injury and may
up-regulate and augment the receptor to which it has greatest
affinity - topomyosin-receptor-kinase-A (Trk A). Human annular
tissue produces NGF and contains Trk A [31], and NGF and Trk
A are increased in discs that were painful during discography
compared to those that were not [32]. Inflammatory cytokines in
degenerative discs can induce the up-regulation of neurotrophic
factors such as NGF [33] and brain-derived neurotrophic factor
(BDNF), representing another potential signal.

Inflammatory cytokines or extracellular matrix breakdown
products of disc degeneration have previously been detected
in the human epidural space [34,35], within the disc during
provocative discography [36,37] and within painful vertebral
compression fractures [38] and may have potential predictive
value for therapeutic intervention [39,40]. There is also
abundant evidence that herniated nucleus pulpous (NP) causes
an inflammatory reaction. NP applied to nerve roots of porcine
Cauda equina causes epidural accumulation of leukocytes
and mast cells, and minor axonal and schwann cell changes
within 3 hrs after application [41]. NP placed around a lumbar
nerve root can cause a drop in nerve conduction velocity that
is attenuated by the COX-2 -selective NSAID diclofenac [42].
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Furthermore, NP applied to the rat dorsal root ganglion in vivo
in the absence of mechanical compression can cause a rapid rise
in several inflammatory cytokines [43] and can induce a central
sensitization detected at the spinal cord level [44,45].

In the present study several immune-modulatory mediators
were detected at relatively greater levels in painful degenerative
discs compared to control discs - the interleukins IL-13, IL-
10 and IL-9, chemo tactic chemo kines MIP-1beta (CCL-4) and
eotaxin (CCL) and IP-10 (CXC-L-10), and growth factors FGF-
basic and VEGFE.

IL-13 and IL-10 may be “anti-inflammatory”, in that they act
in a negative feedback manner to control the pro-inflammatory
Cytokineresponse [46]..1L-13 may act to suppress the production
of inflammatory mediators IL-1b, TNF-a and IL-6 from recruited
macrophages, lymphocytes and neutrophils, and there is
evidence for IL-10 that this is mediated via suppression of the
NF-kB-caspase-3 pathway [46]. Conversely, IL-9 is a cytokine
produced by T-helper type 2 (Th2) cells and is considered “pro-
inflammatory”, inducing proliferation of Th2-lymphocytes [47]
and mast cells [48], and has previously been shown to be present
in symptomatic vertebral compression fractures [38]. IL-9 is
normally undetectable in the serum of healthy volunteers [49], so
the average of 7.0 pg/ml measured within the disc of the current
study may represent a small increase in the local environment
compared to normal serum levels. In the current study we
measured an average 1L-13 and IL-10 level of 1.6 and 2.6pg/
ml, respectively. IL-10 and IL-13 are normally undetectable or
relatively low in the serum or plasma of healthy volunteers [50-
52]. The small but statistically significant elevation we observed
for these cytokines is unlikely to be clinically significant.

MIP-1beta, also known as CCL-4, is a chemokine that
is produced by immune cells such as macrophages, T- and
B-lymphocytes, neutrophils, dendritic and natural Kkiller cells
in response to pro-inflammatory stimuli including cytokines
TNF-a, IL-1B and IFNg [53]. MIP-1beta and its family members
orchestrate the acute and inflammatory response by recruiting
other proinflammatory cells and are crucial for T-cell chemo
taxis and transendothelial migration of monocytes, NK and
dendritic cells. MIP-1 cytokines have been shown to play a role
in many systemic inflammatory diseases and it’s synthesis can
be suppressed by the anti-inflammatory cytokine IL-10 [53].

Eotaxin (CCL-11) has eosinophil chemo attractant properties
and has been implicated in certain inflammatory conditions such
as inflammatory bowel disease and asthma [54]. In the present
study it was measured at 69+/-10pg/ml in painful discs, but
was undetectable in control discs. Eotaxin has been previously
measured at levels of 65-104pg/ml in the serum of normal
subjects [52,55]. Interferon gamma-induced protein (IP-10 aka
CXCL-10) is secreted by fibroblasts, monocytes and endothelial
cells in response to IFNg and acts as a chemo tactic agent for
monocytes/macrophages, NK cells, T-cells and dendritic cells

[56] and may inhibit angiogenesis [57]. IP-10 was detected at
high levels (5076 +/- 607pg/ml) in discs of back pain patients in
the present study and has been measured at much lower levels
(278-355 pg/) ml in the serum from normal patients [52,55].

FGF-2 (aka FGF-basic) is endogenously produced in cartilage
and remains bound to the extracellular matrix until injury, at
which time itis released and activates the ERK signaling pathway
[58]. The specific functional role of FGF-2 in disc homeostasis is
controversial but it has been hypothesized to act as a catabolic
mediator, stimulating MMP-13 expression and leading to disc
degeneration by the suppression of proteoglycan synthesis
[58]. FGF-2 was measured at greater levels from discs of back
pain patients in the present study (55+/-9pg/ml), compared to
undetectable levels in control discs and 7.7pg/ml in plasma of
normal volunteers [51].

VEGF has been shown to promote both angiogenesis and
neurogenesis [59], and its up-regulation has been observed
within the DRG following NP exposure [60]. Revascularization
and neuronal in-growth are well-known pathophysiologic
characteristics of degenerative disc disease, and it has therefore
been hypothesized that VEGF is an important mediator of the
degenerative process [61]. While VEGF is minimally detectable
in the plasma of healthy volunteers (3.7 pg/ml) [51] or control
discs in the present study, we measured high levels (2542 +/-
255pg/ml) within discs from back pain patients.

Several cytokines in the present study were measured at
significantly greater levels within discs from back pain patients
compared to controls, but at concentrations similar to those
reported in prior studies within the serum or plasma. While the
significance of this is difficult to determine, the plasma or serum
concentration may be irrelevant because the nuclear region of
the disc is relatively a vascular.

It is
measurements are more relative than quantitatively absolute

important to note that cytokine concentration

in nature, enabling the comparison of cytokines between
and within patients. Although the overall reliability and
reproducibility are good to excellent, concentrations may vary
between proprietary assay panels [55]. Relatively similar results
were obtained for sampling the intra-discal compartment by
percutaneousdiscography compared to open operative tissue
extraction for most cytokines measured, which may be important
information for the design of future studies.

Conclusion

In conclusion, out of the 27 inflammatory cytokines and
chemokines measured using the multiplex panel, 19 were
detectable at significant concentrations in the disc and disc
space of subjects with degenerative disc disease with low back
pain with or withoutleg pain undergoing surgical treatment with
anterior/posterior lumbar discectomy and fusion. The cytokines
detected at the greatest concentrations were IP-10, RANTES,
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and VEGF IL-1ra, eotaxin and FGF-basic. Compared to control
discs, painful degenerative discs demonstrated significantly
greater levels of IP-10, VEGF IL-1ra, eotaxin and FGF-basic.
Further studies will be needed to investigate their potential role
in degenerative disc disease and as potential clinical biomarkers.
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