
Severity of Intervertebral Disc Herniation Regulates Cytokine 
and Chemokine Levels In Patients with Chronic Radicular Back 
Pain

Hayley E Jacobsen1, Aysha N Khan, MD2, Mitchell E. Levine, MD3, Christopher G Filippi, 
MD4, Nadeen O Chahine, PhD1,5,*

1.Department of Orthopedic Surgery, Columbia University, New York, NY

2.Feinstein Institute for Medical Research, Northwell Health, Manhasset, NY

3.Department of Neurosurgery, Lenox Hill Hospital, Northwell Health, New York, NY

4.Department of Neuroradiology, Northwell Health, Manhasset, NY

5.Department of Biomedical Engineering, Columbia University, New York, NY

Abstract

Objective: The contributions of intervertebral disc disease and subject-specific covariates to 

systemic inflammation in low back pain are unknown. We examined the effects of symptomatic 

disc herniation (DH) and MRI herniation severity on serum cytokine levels in clinical subjects.

Design: Cytokine levels from lumbar DH subjects (N=78) were compared to control subjects 

(N=57) accounting for effects of DH, age, BMI and gender. Effect of DH severity on cytokine 

levels was analyzed on subsets of subjects with acute or chronic pain. Serum cytokines were also 

analyzed in a subset of patients between pre- and 3 months post-surgery.

Results: Cytokine levels were elevated in the serum of patients with symptomatic DH, and the 

covariates age, BMI and gender significantly contributed to levels of some cytokines. Severity of 

herniation was a significant contributor to pain intensity (VAS), serum levels of HMGB1, 

PDGFbb, and IL-9. The relationship between DH severity and cytokine levels was confirmed in 

subjects with chronic, but not acute symptoms. Serum levels of MIF decreased, whereas levels of 

CCL3, CCL11, CXCL1, and CXCL10 were significantly elevated post surgery.
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Conclusions: This study is the first to show that DH severity is coordinately associated with 

changes in serum levels of inflammatory cytokines in chronic pain subjects. HMGB1, PDGFbb 

and IL-9 are novel mediators of increasing DH severity, indicative of cellular damage, neuro-

inflammation and angiogenesis. Resolution of inflammation was observed with decrease in MIF 

post surgery. However, elevated chemokine levels indicate ongoing remodeling and wound healing 

at 3-month time point.
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Introduction

Back pain is the leading cause of disability worldwide, creating a significant burden on 

patients and the economy (1). One of the most prevalent disc pathologies that results in 

lumbar radicular pain is disc herniation (DH), defined as the displacement of intervertebral 

disc (IVD) material beyond the normal margins of the disc space. Degradation of the IVD is 

mediated by many biochemical factors; catabolic enzymes such as matrix metalloproteases 

(MMPs) directly act on the extracellular matrix promoting remodeling and degradation, 

whereas pro-inflammatory cytokines increase the levels and/or activity of catabolic enzymes 

(2, 3).

DH is both a mechanical and biochemical process, where disc contact with spinal nerves 

causes compression, chemical irritation, inflammation, and pain (4, 5). Herniated disc tissue 

exhibit an inflammatory cell infiltration and increased pro-inflammatory cytokines (6-9). 

Pro-inflammatory cytokines lower the threshold for pain (10) and increase pain sensitivity 

(11). In animal injury models, stimulating nerve roots in vivo with pro-inflammatory 

cytokines or with autologous NP tissue produces a neuropathological behavior, that is 

mitigated when the pro-inflammatory cytokine or signaling is neutralized (12-15). Despite 

the evidence that behavioral hypersensitivity is associated with dynamic inflammation in 

response to induced injury, studies in patient populations represent complex interactions 

between disease states, subject-specific covariates and time. Pain is a dynamic and 

subjective experience, and the use of biochemical markers to pinpoint molecular origin of 

pain or to drive personalized treatment could be clinically impactful.

Increasing evidence suggests that inflammatory mediators can be measured systemically 

(16-20), where serum levels of IL-2, IL-6, IL-8, TNF-α and others have been shown to be 

elevated in DH patients (17, 19). Chronic lumbar radicular pain is also associated with a 

persistent increase of serum IL-6 and IL-8 after DH (21). A profiling study found that 

significant differences exist between those with chronic painful DH and the patients who 

recovered from DH (22). Despite evidence implicating DH in systemic inflammation, other 

subject-specific factors such as age, BMI and gender may contribute to inflammatory levels 

(23, 24). Yet such covariate factors are not typically accounted for in studies analyzing 

inflammatory cytokine levels in patients with LBP due to DH or other pathologies. Studies 

show associations between IL-6 levels and BMI, symptom duration, and age, while MMP-1 

levels were associated with age (21, 25, 26). Importantly, the relationship between serum 
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cytokine profiles and structural indicators of spine disease, as diagnosed using radiological 

examination are largely unknown.

In this study, we measured circulating cytokines in patients with symptomatic DH compared 

to a control cohort, accounting for effects of age, BMI and gender. We also evaluated the 

relationship between inflammatory profiles and structural indications of disease based on 

magnetic resonance imaging, the gold standard radiological exam for diagnoses of DH. We 

specifically compared cytokine levels with severity of herniation, using a measure of spinal 

canal intrusion. In a subgroup analysis, we compare cytokine profiles in patients from pre- to 

post- surgical treatment, to determine if surgery provides an opportunity for normalizing 

aberrant cytokine profiles in DH patients. Our findings address a critical translational gap in 

the immune response to DH, and to advance the relevance of serum cytokine as potential 

biomarkers of painful DH pathology.

Methods

DH Subjects

This study (NCT01633034) was approved by the Institutional Review Board of Northwell 

Health. Subjects with DH were recruited from a spine neurosurgery practice (N=78). 

Written informed consent was obtained from all subjects prior to enrollment. Study 

inclusion criteria included patients 18 years of age or older, requiring surgery in the lumbar 

spine (L1-L2 to L5-S1) for treatment of a DH. Procedures including lumbar fusion, 

discectomy, laminectomy and/or minimally invasive discectomy were recruited. Subjects 

requiring revision surgery in the lumbar spine, had a history of prior history of discography 

procedures, or known inflammatory conditions (e.g. rheumatoid arthritis, systemic lupus 

erythematosus, gout, osteomyelitis, other infections) or history of cancer were excluded.

Clinical data including basic demographic information (age, gender, BMI), underlying 

diagnosis, prior treatment history, and surgical details were collected. Patient reported 

outcomes were also evaluated prior to surgery. Pain intensity was evaluated using a 10-point 

visual analog scale (VAS). Duration of symptoms was collected and categorized into acute 

(i.e. <6 months) or chronic pain (>6 months).

Control Subjects:

Control subjects, with no history of LBP, were also recruited using advertisements (N=57). 

Written informed consent was obtained from control subjects prior to recruitment. Subjects 

18 years of age and older with no history of spinal injury or spine surgery were included in 

the control cohort. Venipuncture was performed to collect serum using same methods as 

described for clinical subjects. Demographic information (age, gender, BMI) and medical 

history were collected from each subject.

Radiological Analysis:

Pre-operative MRI scans of DH subjects were performed on a 3.0T MR scanner using a 

multitransmit (parallel transmission) 3.0T Philips Achieva TX MR system (Philips 

Healthcare) and a 16-channel SENSE spine coil (Invivo Corporation). Axial and sagittal T1- 
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and T2- weighted clinical MRI scans were evaluated on two different days for degree of 

herniation by a board-certified neuro-radiologist (CP). Measurements of each subject’s 

images were made on separate days, and the resulting intra-rater reliability was found to be 

78% based on N=80 images. The herniation size and central spinal canal diameter were 

measured in the anterior-posterior dimension (Figure 1). Herniation severity was performed 

to determine the spinal canal intrusion (%), computed from the ratio of mean herniation size 

relative to mean canal size. Canal intrusion of less than one third was considered ‘mild’, 

between one and two-thirds as ‘moderate’ and greater than two-thirds as ‘severe’. The 

presence of nerve or nerve root compression or involvement in the DH was also noted and 

categorized (yes/no). Overall disc integrity was also evaluated and graded using Pfirrmann 

grade, on a scale of I to V, where I represents a healthy disc and V represents severe disc 

degeneration (27).

Blood sample collection:

Blood samples were obtained from each DH subject on day of surgery before administration 

of anesthesia and the start of any surgical procedures. One 10cc sample of whole blood was 

collected via venipuncture (BD Vacutainer 367820) and maintained at 2-8°C until 

processing. For each subject, blood sample was centrifuged to isolate serum. Serum was 

aliquoted, and stored at −80°C.

Pre to Post Surgery Analysis:

A small cohort of DH subjects (N=5), which were initially evaluated at baseline (pre-

treatment), were re-evaluated at 3 months post surgery (post-treatment). At the post-

treatment time point, a blood sample were obtained from each subject at the time of their 

office visit with the treating surgeon, using the same approach described above. Serum was 

aliquoted, and stored at −80°C until biochemical analysis.

Biochemical analysis:

All measurements and analyses were performed on coded samples. Serum samples were 

analyzed for (a) cytokine profiles using a multiplex immune-bead assay (Bio-Plex Pro 

Human Cytokine Grp 1 Panel 27-plex, BioRad), (b) MMP levels using an 

electrochemiluminescent immunoassay (Human MMP 3-plex UltraSensitive Kit, MesoScale 

Discoveries), and (c) High mobility group box 1 (HMGB1) using a commercial ELISA (IBL 

international). The assays were performed according to manufacturers’ protocols. For the 

cytokine multiplex samples were diluted 1:4 and were assayed in duplicate to measure 

interleukin (IL)-10, IL-12p70, IL-13, IL-15, IL-17, IL-1β, IL-1Rα, IL-2, IL-4, IL-5, IL-6, 

IL-7, IL-8, IL-9, Eotaxin, Fibroblast growth factor basic (FGF-β), granulocyte colony 

stimulating factor (G-CSF), Granulocyte macrophage (GM)-CSF, Interferon gamma (IFN-

γ), Interferon gamma-induced protein 10 (IP-10/CXCL10), C-C Motif Chemokine Ligand 

(CCL) −2 (CCL2/MCP-1), CCL3/MIP1α, CCL4/MIP1b, platelet-derived growth factor 

(PDGFββ), Regulated on activation normal T cell expressed and secreted (RANTES/CCL5), 

Tumor necrosis factor alpha (TNF-α), Vascular endothelial growth factor (VEGF). For the 

MMP assay, samples were diluted 1:10 and were assayed in duplicate to measures MMP-1, 

MMP-3, and MMP-9 levels. For measuring HMGB1 levels, serum samples were assayed 

undiluted. The lower limits of detection (LLOD) were noted for each analyte and plate, and 
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any sample that yielded a below detection result was imputed the LLOD for that cytokine. 

We measured multiple biochemical factors from the same samples, but chose to not correct 

for multiple comparisons across the different analytes because this would enhance the 

probability of type II errors (28).

Statistical Analysis:

All analyses were performed on coded data sets using STATISTICA (Version 13.3, TIBCO 

Software). In all tests, p<0.05 was considered significant.

Comparing control vs. DH cohorts: Age, gender and BMI were compared between 

control and DH cohorts using the non-parametric Mann Whitney U test. A multivariate 

regression analysis was performed where diagnosis (DH, control) and gender (male, female) 

were modeled as categorical predictors and age and BMI were modeled as continuous 

predictors of each biochemical mediator. The t-statistic and p-value are reported, as well as 

beta (β) coefficient and standard error of β.

Effect of DH severity on biochemical levels: Age, gender, BMI and symptom 

duration were compared across the DH severity groups (mild, moderate, severe) using 

Kruskal Wallis ANOVA. Biochemical levels within the DH cohort were analyzed for their 

relationship with herniation severity (mild, moderate, severe) or Pfirmann grade (Grades II, 

III, IV, V) using a non-parametric Kruskal Wallis ANOVA and multiple comparisons were 

made with a Bonferroni adjustment. For analyzing the effect of DH, a sample size of 15 

subjects per group affords >80% power to detect differences in cytokine levels (e.g. IL-6) 

based on prior studies (25); increasing the sample size to 33 subjects per group increases 

power to >95%. The root mean square standardized effect (RMSSE) size was also computed 

using 1-way ANOVA. The relationship between cytokine levels and spinal canal intrusion 

(%) or VAS scores was assessed using Spearman correlations. Radiographic features such as 

presence of nerve root involvement (Yes, No) were examined for their effect of biochemical 

factors using Mann Whitney U test.

Profiles in acute or chronic pain: Separate analyses of DH subjects were performed for 

those with acute (< 6 months, N=33) or chronic symptoms (> 6months, N=36). Biochemical 

levels (N=69) and VAS (N=34) were analyzed for their relationship with herniation severity 

(mild, moderate, severe) using a non-parametric Kruskal Wallis ANOVA and multiple 

comparisons were made with a Bonferroni adjustment. The relationship between cytokine 

levels and VAS scores in acute or chronic subgroups were assessed using Spearman 

correlations.

Biochemical factors profiles from pre to post treatment: To compare cytokine 

levels in subjects over time from pre- to post- treatment, cytokine levels were analyzed using 

a paired Wilcoxon singed rank test.
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Results

Subject Characteristics

Overall, this study recruited 135 subjects with an average age of 44 years, and a gender 

distribution of 60% female (N=81) / 40% male (N=54). Demographics (age, gender, BMI) 

of the control and DH groups are presented in Table 1. When comparing the control and DH 

cohorts, there were significant differences in the mean age (Control: 39.5, DH: 47.3, 

p=0.000997), a trend for differences in BMI (control: 26.9, DH: 28.6, p=0.07), but no 

significant difference in gender distribution (p=0.95) (Table 1).

Within the DH cohort, subjects were categorized by herniation severity into mild, moderate 

and severe groups. There was no significant difference in age (p=0.15), gender (p=0.80) or 

BMI (p=0.18) between DH severity groups (Table 1). We observed presence of a sequestered 

DH in 15% of subjects (N=12/78), confirmed radiologic nerve involvement in 68% 

(N=53/78), evidence of spinal stenosis in 62% (N=48/78), and low prevalence of listhesis 

(8%). In the Pfirmann grading analysis, grades ranged from II to V with the following 

breakdown (N=8 Grade II, N=31 Grade III, N=31 Grade IV, N=7 Grade V). The median 

patient reported VAS was 7 (IQR: 5-8, N=34). The prevalence of patients reporting acute 

(48%, N=33/69) versus chronic (52%, N=36/69) symptoms were similar.

Biochemical factors in DH and control cohorts

Multivariate regression analysis found that DH, age, gender and BMI were significant 

predictors of certain biochemical levels (Table S1). Table 2 summarizes the effects of 

diagnosis, where DH was found to be a significant contributor to the levels of 21 mediators. 

Levels of following biochemical factors were significantly greater in DH compared to 

control subjects (fold changes shown in table 2): CCL2/MCP-1, CCL4, CCL5/RANTES, 

FGF basic, G-CSF, GM-CSF, HMGB1, IFN-g, IL-1b, IL-1ra, IL-2, IL-5, IL-6, IL-7, IL-9, 

IL-12(p70), IL-15, IL-17, MMP-9, PDGF-bb, and VEGF. CCL3/MIP1a, CCL11/Eotaxin, 

CXCL10, IL-4, IL-8, IL-10, IL-13, MMP-1, MMP-3, and TNF-α did not exhibit a 

significant contribution of DH on levels in the multivariate regression. Age was a significant 

predictor of Eotaxin (p=0.0003), IL-13 (p =0.037), IL-17 (p=0.0082), IL-1b (p=0.033), IL-4 

(p= 0.0004), CXCL10/IP-10 (p= 0.044), and PDGF-bb (p=0.025), and BMI was a 

significant predictor of IL-1ra (p=0.0014). Gender was a significant predictor of IL-17 levels 

(Female: 12.18 ± 0.58 pg/ml; Male: 15.19 ± 1.41 pg/ml; p=0.045) and MMP-3 (Female: 

12194 ± 950 pg/ml; Male: 25027 ± 4269 pg/ml; p=0.0011), with higher levels of both 

factors in males.

Relationship between radiological indicators and biochemical factors

We investigated the effects of herniation severity on serum levels in the DH cohort. 

Herniation severity had a significant effect on serum levels of HMGB1 (p=0.018, 

RMSSE=0.91), IL-9 (p=0.035, RMSSE=0.99), and PDFGbb (p=0.041, RMSSE=0.72) 

(Figure 2). In severe herniation, serum HMGB1 (p=0.014) and IL-9 (p=0.029) levels were 

significantly greater than in subjects with mild herniation. Serum PDGFbb was significantly 

higher in subjects with moderate compared to mild herniation (p=0.049). Serum HMGB1 

and PDGFbb levels were also positively correlated with spinal canal intrusion (%) with a 
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Spearman correlation coefficient (rho) of 0.28 (p=0.015) and 0.24 (p=0.034), respectively 

(Figure 2). Nerve root involvement was not found to be a significant contributor to the serum 

cytokine levels. When analyzing cytokine levels as a function of overall disc integrity, 

Pfirmann grade was not a statistically significant contributor to cytokine levels. However, we 

noted a trend, in that Pfirmann grade contributed to serum levels of PDGFbb (p=0.051).

Effect of pain intensity and symptom duration on biochemical factor levels

In all DH subjects, VAS score (i.e. pain) was positively correlated with spinal canal intrusion 

(rho=0.399, p=0.019), and MMP-1 levels were inversely correlated with VAS score (rho=

−0.489, p=0.0033, Figure 2). However, VAS score was not correlated with levels of 

HMGB1, PDGFbb, IL-9 or other cytokines across all DH subjects. When assessing DH 

severity effects on biochemical factor levels in DH subjects based on symptom durations, we 

observed different relationship in the acute vs. chronic subgroups (Figure 3). In chronic 

subjects, pain (VAS) score was inversely correlated with serum Eotaxin levels (rho=−0.579, 

p=0.024). Levels of HMGB1 and PDGFbb significantly increased with DH severity (Figure 

3c,d) in chronic pain group, while MMP1 levels exhibited a decreasing trend with increasing 

severity (p=0.058, Figure 3e). In acute pain subjects, VAS score was inversely correlated 

with MMP-1 levels (rho=−0.542, p=0.03, Figure 3b’). Other biochemical factors did not 

exhibit significant dependence on DH severity or pain in the acute subgroup.

Biochemical factors profiles from pre to post treatment

Clinical and demographic variables of these subjects are described in Table 3. Differences in 

biochemical levels were observed between pre- and post-treatment are presented using a 

volcano plot (Figure 4). The x-axis represents fold change ratio in post-surgery levels 

normalized to pre-surgery levels, and the y-axis displays the p-value for the comparison. We 

found 5 mediators to be significantly different within the same cohort of subjects when 

evaluated at 3 months post surgery compared to pre-surgery (baseline). Serum levels of MIF 

significantly decreased post surgery compared to pre-surgery (p<0.05, Figure 4). Serum 

levels of Eotaxin (CCL11), MIP1a (CCL3), GROα (CXCL1), and IP10 (CXCL10) all 

significantly increased post surgery compared to pre surgery (p<0.05, Figure 4).

Discussion

The goal of this study was to examine the relationship between systemic levels of 

inflammatory mediators and IVD herniation, to identify the effects of herniation severity, 

pain intensity and duration of symptoms. Our findings provide evidence that cytokine levels 

are elevated in the serum of patients with DH and that the subject-specific covariates age, 

BMI and gender are significant contributors to some cytokines. Of the 21 factors we found 

elevated in DH subjects, only 3 mediators (HMGB1, PDGFbb and IL-9) were further 

dependent on herniation severity. Percent intrusion was also positively correlated with pain. 

Interestingly, these significant relationships between DH severity and cytokine levels were 

present in subjects with chronic symptoms, but did not hold for those with acute symptoms. 

Not surprisingly, we did not observe significant differences in serum cytokines with respect 

to disease severity as classified by Pfirrmann grade, consistent with prior findings (25, 29). 

Indeed, MRI signal grading of degeneration does not correlate to functional impairment or 
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pain (30). These findings suggest that DH severity is a more sensitive indicator of 

mechanical disc injury than Pfirmann grade (31). We also observed resolution of 

inflammation mediated by MIF and that chemokines levels (CCL11, CCL3, CXCL1 and 

CXCL10) increased in patients at 3 months post surgery.

HMGB1 has been observed to mediate inflammation in multiple injury models. HMGB1, 

which acts a danger associated molecular pattern (DAMP), is released by injured cells as 

part of a response to tissue damage and inflammation (32, 33). Our findings indicate that 

increase herniation severity (as a mode of injury) results in corresponding increase in DAMP 

signal, presumably to alert the immune system of local tissue damage at site of herniation. 

HMGB1 is a potent pro-inflammatory mediator in degenerated human discs (33, 34), where 

IL-1β and HMGB1 additively promote the release of inflammatory cytokines and MMP 

expression. In the present study, HMGB1 was found to be a key factor related to DH, where 

serum levels were modulated by DH severity, particularly in patients with chronic herniation 

(>6 months). We postulate that increasing systemic levels of HMGB1 may be due to 

increasing levels of cellular damage and inflammation at the site of herniation compression. 

HMGB1 was also correlated with degree of intrusion into the spinal canal, which in turn was 

correlated with pain intensity (VAS). These findings suggest that elevated systemic levels of 

HMGB1 may be mediating a chronic compression injury response. Interestingly, HMGB1 

has been implicated in the induction and resolution of pain behavior in rodent injury models 

(12, 35). The findings of the current study are the first to support the notion that perhaps 

neutralizing HMGB1 or blocking signaling mediated by HMGB1 may warrant consideration 

as a therapeutic intervention in severe chronic DH.

In the context of the IVD, PDGFbb enhances cell proliferation, differentiation, ECM 

expression, and reduces nucleus pulposus cell apoptosis (36, 37). In disc degeneration, 

PDGFbb levels are elevated, in part due to vascular ingrowth, causing increased cell 

proliferation and cell clustering, which may represent a tissue repair mechanism (38). The 

findings that serum PDGFbb levels increase with chronic DH severity may represent an 

upregulation of a repair mechanism in response to injury and inflammation, however it is 

unclear if elevated levels are reflective of an attempt to resolve the herniated disc. While 

recombinant PDGFbb has been proposed as potential therapeutic for disc disease (39), the 

findings of the current study may complicate the therapeutic relevance of recombinant 

PDGFbb for chronic DH.

Healthy disc tissue lacks vasculature and is considered to be an immune-privileged organ. 

Herniation of disc tissue into the epidural space evokes an autoimmune reaction that leads to 

the infiltration of immune cells which will interact with disc cells and secrete a variety of 

autoimmune related signaling molecules (40). In the current study, we found that IL-9 levels, 

which is thought to be a major effector cytokine of autoimmune disorders, is upregulated 

systemically in DH patients. Interestingly, IL-9, a pleiotropic cytokine that is released by 

activated Th9 cells, has been studied in a single study to our knowledge, and found to be 

increased in human degenerated disc tissues, though specific cellular contributions were not 

confirmed (41). IL-9 also promotes inflammatory pathogenesis of the IVD through TNF-α 
interactions (41). This is a highly novel candidate marker of disease severity and motivates 

the need for further investigations into the relevance of IL-9 and Th9 cells in DH.
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Interestingly, we observed inverse relationship between pain intensity (VAS) and cytokine 

levels. In acute subjects, MMP-1 levels were inversely correlated with pain. MMP-1 

(collagenase) promotes matrix breakdown and is involved in leukocyte trafficking; this 

inverse relationship may be a consequence of poor or ineffective matrix remodeling of the 

herniated tissue, leading to more pain. Interestingly, patients with chronic symptoms 

exhibited an inverse relationship between Eotaxin/CCL11 and pain levels. A prior study 

found that chronic stress and anxiety to be correlated with lower levels of CCL11 in healthy 

adults (42), suggesting perhaps that lower levels of CCL11 in chronic DH patients may be 

related to chronic stress or anxiety. These findings suggest that pain and associated stress are 

associated with suppression of some immune factors, which differed with symptom 

duration. Overall, our findings suggest that systemic inflammatory profiles vary between DH 

subjects with acute or chronic pain. When evaluating DH severity vs cytokines in acute 

subjects, we didn’t observe the same relationships as seen in all DH subjects. Indeed, our 

findings show that systemic inflammatory profiles have stronger associations with DH in 

chronic subjects, compared to acute conditions.

While surgical removal of DH is thought to resolve pain syndrome due to unloading of the 

compressed nerve root, our findings also indicate that resolution of inflammation occurs at 3 

months post surgery. Serum levels of MIF, in a small cohort of patients that were analyzed 

longitudinally from pre- to post-treatment, were found to decrease. A prior study found that 

MIF expression in herniated discs were higher than in control (cervical trauma) or 

degenerate by contained disc samples (43), confirming that decreases in MIF levels 

represents a resolution in cytokine levels in response to treatment. Moderate but significant 

increases in chemokine levels were also observed in patients post surgery. The increases in 

the chemokine CCL3/MIP1a was unexpected. Prior studies show that CCL3 expression 

correlates positively with IVD degeneration and that expression levels are higher in DH 

tissue compared with contained degenerate discs (44). This finding implies that a decrease in 

CCL3 levels would be expected when a DH is removed; instead, CCL3 levels increased 

systemically. Such differences highlight that immune responses are differentially regulated 

at the tissue and systemic levels. Increases in systemic chemokine subsets may be due to 

tissue remodeling and wound healing post surgery. The greatest increase observed was for 

CXCL10 (2.1 fold change, p=0.043), a chemokine with known angiostatic activity (45). 

Future studies into longer-term changes in chemokine levels will inform whether these 

elevations resolve with remodeling, or whether such increases are associated with aberrant 

or impaired neovascularization and surgical responses to treatment. Inefficient healing or 

prolonged inflammation can drive chronic dysfunction, and therefore studies of 

inflammation in this patient population may shed important insight into the disease 

progression and recovery of DH and related back pain.

Some limitations of this study include: 1) The sample size was relatively small compared to 

the number of serum factors considered, thus increasing the possibility of false negatives. 2) 

The study did not include measures of disability or other functional indicators to compliment 

the pain VAS scores. 3) The biochemical analysis was conducted on blood serum samples, 

which are more dilute than CSF samples and have contributions from all organ systems 

across the body. 4) The population size in the longitudinal pre- to post- surgery analysis was 

small, however because it is a repeat measure analysis within the same subjects, it was 
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sufficient to yield significant difference in some factors that exhibited a large effect sizes (Es 

~0.9). Replications with a larger sample size when examining the effect of DH interventions 

is warranted. Nevertheless, this study adds valuable insight into immune mediator changes 

occurring in DH patients.

In summary, this study is the first to show that DH severity is associated with changes in the 

circulating levels of inflammatory cytokines in patients and identifies HMGB1, PDGFbb and 

IL-9 as novel molecular surrogates or mediators of increasing DH severity. We also found 

that systemic inflammatory profiles have stronger associations with DH in chronic subjects, 

compared to acute cases. Longitudinal post-surgical analysis yielded resolution in MIF 

levels, however sustained chemokine upregulation was maintained 3 months post treatment. 

These findings extend the understanding of how DH severity and subject-specific factors 

contribute to inflammatory levels in DH patients.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Radiological analysis of herniation severity. (a,b) moderate-sized herniation showing (a) T2-

weighted MRI and (b) measurement of disc herniation (dashed line) and the central canal 

diameter (solid line) in the anterior to posterior dimension. (c,d) Large (i.e. severe) central 

disc herniation showing measurements of disc herniation (dashed) and the central spinal 

canal (solid line) in the anterior to posterior dimensions. (e) Axial T2 weighted image of a 

small (i.e. mild) central herniation with ventral effacement of the thecal sac but no associated 

nerve root compression. (f) Right subarticular herniation with ventral effacement of the 

thecal sac and compression of the traversing nerve root.
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Figure 2. 
Serum levels of (a) HMGB1, (b) PDGFbb, and (c) IL-9 in DH subjects as function of DH 

severity. #p<0.05 in indicated group vs. mild. Bar graphs represent mean and standard 

deviation, with dashed line representing mean level in control cohort. Spearman correlation 

coefficient (ρ) and p value for significant correlations observed % intrusion (of herniation) 

and serum levels of (d) HMGB-1 (N=78), (e) PDGF-bb (N=78), and (f) Pain (VAS; N=34). 

(g) Spearman correlation between VAS and MMP-1 levels (N=34). Each point on scatter 

plot represents one subject, and line represents the correlation fit.
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Figure 3. 
Effects of DH severity in chronic (a-h) and acute (a’-h’) subjects. (a, a’) VAS scores across 

severity groups. (b,b’) Spearman correlation between VAS and (b) Eotaxin or (b’) MMP-1 

(ρ: Spearman correlation coefficient). Serum levels of (c,c’) HMGB1, (d,d’) PDGFbb, (e,e’) 

MMP-1, (f,f’) IL-9, (g,g’) Eotaxin, and (h,h’) RANTES in chronic and acute subjects, 

respectively. Bar graph are indicative of mean and standard deviation. * p<0.05 vs. Mild in 

multiple group comparison based on post-hoc test.
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Figure 4. 
(a) Volcano plot of serum cytokine levels post surgery vs. pre-surgery. Each triangle 

represents fold change (Post/Pre) in cytokine level (x-axis) and p-value (y-axis). Fold 

change=1 is indicated as ‘No effect’ and significance was set at p=0.05. Serum levels of (b) 

MF decreased post surgery, while levels of (c) CCL11, (d) CCL3, (e) CXCL1, and (f) 

CXCL10 significantly increased post surgery. In (b) to (f) scatter plot indicate individual 

patient levels pre- and post-surgery, with bar graph indicative of mean and standard 

deviation.
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Table 1.

Summary of demographics of control and DH cohorts (top) along with summary of demographics of DH 

subjects by herniation severity (bottom)

Control DH p-value Total

Number of Subjects 57 78 135

Gender Distribution

 Male: N (%) 23 (40%) 31 (40%) 0.9456 54 (40%)

 Female: N (%) 34 (60%) 47 (60%) 81 (60%)

Age (mean ± SD) 39.5 ± 13.3 47 ± 13.4 0.000997

BMI (mean ± SD) 26 ± 5.3 28.6 ± 5.6 0.0688

 

Mild Moderate Severe p-value

N 30 33 15

Age 48 ± 2.1 49 ± 2.3 41± 4.3 0.146

BMI 29.3 ± 1.0 28.9 ± 0.99 26.5 ± 1.3 0.177

Gender Distribution

 Male: N (%) 12 (40%) 12 (36%) 7 (46%) 0.798

 Female: N (%) 18 (60%) 21 (64%) 8 (54%)
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Table 2:

Effect of Diagnosis on Cytokine Levels- Mean levels and standard errors of biochemical factors measured in 

serum of control and DH subjects. Analysis was performed using regression model where cytokine levels were 

analyzed as a function of group (DH vs control), age, gender and BMI. p-value is shown for diagnosis (group) 

predictor. *denotes analytes that had at least 20% of samples from DH and control groups below LLOD. ^ 

denotes analytes that had at least 20% of control group samples below LLOD.

Cytokine Control
Mean

Control
Std. Err

DH Mean DH Std.
Err

Fold Change
(DH/Control)

p-value

CCL11 / Eotaxin 120.4 6.7 125.9 7.6 1.1 8.10E-01

CCL2 / MCP-1 95.1 5.0 193.5 13.4 2.0 2.60E-08

CCL3 / MIP-1a 2.5 1.8 0.9 0.1 0.4 3.50E-01

CCL4 / MIP-1b 104.6 1.7 117.7 2.4 1.1 1.00E-04

CCL5 / RANTES 4396.2 209.1 9117.8 720.6 2.1 6.30E-07

CXCL10 / IP-10 159.3 11.8 151.3 10.4 1.0 2.20E-01

FGF basic ^ 2.2 0.1 8.2 1.5 3.8 1.40E-03

G-CSF * 3.7 0.5 7.9 0.8 2.1 4.00E-04

GM-CSF ^ 0.6 0.0 2.6 0.2 4.2 1.80E-13

HMGB1 3.4 0.5 6.5 0.6 2.0 4.40E-05

IFN-g 1.7 0.1 4.9 0.5 3.0 1.80E-05

IL-10 * 1.4 0.0 1.5 0.1 1.1 4.20E-01

IL-12(p70) * 1.8 0.0 3.5 0.5 1.9 3.10E-02

IL-13 * 0.3 0.0 0.5 0.1 1.5 5.40E-02

IL-15 * 7.6 0.4 12.0 0.8 1.6 8.70E-06

IL-17 10.8 0.4 15.3 1.1 1.4 5.20E-03

IL-1b ^ 0.2 0.0 0.6 0.1 2.6 1.10E-02

IL-1ra 69.0 5.5 189.2 17.6 2.7 4.40E-07

IL-2 ^ 0.8 0.1 2.3 0.1 2.9 1.10E-16

IL-4 1.5 0.1 1.8 0.1 1.2 1.40E-01

IL-5 ^ 0.6 0.1 3.1 0.3 4.9 3.10E-11

IL-6 1.4 0.1 3.8 0.3 2.8 2.40E-08

IL-7 ^ 0.6 0.1 1.7 0.2 2.9 1.70E-07

IL-8 13.9 3.4 12.5 2.0 0.9 7.10E-01

IL-9 15.9 0.4 23.7 1.6 1.5 4.00E-04

MMP-1 15558.7 1690.4 18245.7 1469.4 1.2 3.80E-01

MMP-3 13893.6 968.3 19836.8 3139.6 1.4 1.90E-01

MMP-9 161482.2 8754.3 210786.3 20642.0 1.3 2.80E-02

PDGF-bb 764.9 34.0 1401.6 76.2 1.8 5.30E-11

TNF-a 21.3 0.7 29.5 3.5 1.4 2.60E-01

VEGF ^ 3.2 0.3 15.0 2.0 4.7 8.40E-06
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Table 3:

Patient demographic of cohort that was analyzed longitudinally from pre- to post-surgery.

Subject
ID Age Gender BMI

Pain
Duration

Spinal
Level

%
intrusion

DH
Severity

Pfirrmann
Grade

Nerve Root
Involvement

Sequest-
ration Listhesis Stenosis

163 66 M 25.8 -- L4-L5 36% Moderate IV N Y Y Y

164 45 F 37.1 acute L5-S1 30% Mild V Y Y Y Y

171 45 M 24.7 acute L5-S1 50% Moderate III Y N N N

173 69 F 34.2 chronic L4-L5 26% Mild V N N N Y

179 47 M 26.6 chronic L4-L5 45% Moderate IV Y N N N
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