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ABSTRACT

Background Low back pain (LBP) is a leading cause

of disability worldwide, but the aetiology remains poorly
understood. Finding relevant biomarkers may lead to
better understanding of disease mechanisms. Patients
with vertebral endplate bone marrow lesions visualised

on MRI as Modic changes (MCs) have been proposed as a
distinct LBP phenotype, and inflammatory mediators may
be involved in the development of MCs.

Objectives To identify possible serum biomarkers for LBP
in patients with MCs.

Methods In this case control study serum levels of 40
cytokines were compared between patients with LBP and
MC type 1 (n=46) or type 2 (n=37) and healthy controls
(n=50).

Results Analyses identified significantly higher levels of
six out of 40 cytokines in the MC type 1 group (MC1), and
five in the MC type 2 group (MC2) compared with healthy
controls. Six cytokines were moderately correlated with
pain. Principal component analyses revealed clustering
and separation of patients with LBP and controls,
capturing 40.8% of the total variance, with 10 cytokines
contributing to the separation. Macrophage migration
inhibitory factor (MIF) alone accounted for 92% of the total
contribution. Further, receiver operating characteristics
analysis revealed that MIF showed an acceptable ability to
distinguish between patients and controls (area under the
curve=0.79).

Conclusions These results suggest that cytokines may
play a role in LBP with MCs. The clinical significance of the
findings is unknown. MIF strongly contributed to clustering
of patients with LBP with MCs and controls, and might be
a biomarker for MCs. Ultimately, these results may guide
future research on novel treatments for this patient group.

INTRODUCTION

Low back pain (LBP) poses a substantial
burden on patients and society.1 However,
the aetiology remains poorly understood,2
and treatment options offer only small to

Key messages

What is already known about this subject?

» Low back pain (LBP) is the leading cause of dis-
ability worldwide, but the aetiology remains poorly
understood.

» Vertebral endplate bone marrow lesions visualised
on MRI as Modic changes (MCs) may be associated
with LBP and there is evidence for inflammatory me-
diators being involved in the development of MCs.

What does this study add?
» These results suggest that proinflammatory cyto-
kines play an important role in MCs.

How might this impact on clinical practice or

further developments?

» The cytokine macrophage migration inhibitory factor
strongly contributed to clustering of patients with
LBP with MCs, and is a promising biomarker of LBP
subgroups.

» Our results can guide research on potential treat-
ment options for this patient group.

moderate effects.”* A current research focus
is identifying subgroups among patients with
non-specific LBP that could benefit from
specific treatments.”°

Modic changes (MGCs) are common
MRI findings in patients with chronic LBP
(CLBP).7 They are defined as three subsets;
MCI (oedema type), MC2 (fatty type) and
MC3 (sclerotic type),® with MCI1 especially
linked to LBP,9 but the association is incon-
sistent.'” In spite of the inconsistencies, MCs

have been suggested a relevant cLBP pheno-
91112

type.
To refine clinical cLBP phenotypes and
understand the underlying mechanisms

leading to cLBP, one approach is to study the
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molecular signature of suggested subgroups. Finding
relevant biomarkers could be a fast and inexpensive
method to diagnose and predict prognosis, understand
the underlying pathogenesis and guide future research
on targeted therapeutic interventions.

Inflammatory mediators like cytokines may play a role
in the development of MCs."” '* As cytokines can reflect
the local or systemic inflammatory state, they may serve as
clinical biomarkers. Few studies have investigated systemic
cytokine profiles (plasma or serum levels) in patients with
cLBP with MCs. A case-control study found no difference
in serum markers of inflammation between patients with
cLBP with MCI and without MCs."” Biomarkers related
to disc resorption and bone marrow fibrosis have been
correlated with the presence of MCs.'® A recent study
comparing serum biomarkers between patients with cLBP
with MCs and healthy controls reported that several cyto-
kines were suppressed in serum among patients with MC."”
Some studies report upregulation of cytokines in the disc in
MCS,14 120 1t no serum biomarker is established for MCs.

The primary purpose of this exploratory study was to
evaluate systemic levels of proinflammatory cytokines in
patients with cLBP and MC1 or MC2 compared with levels
in healthy controls. We also wanted to assess differences
in serum cytokine profiles between people with cLBP and
MCI and MC2 and associations between specific cytokines
and pain

MATERIALS AND METHODS

Study population

This case control study uses baseline data on a subsample
of patients from the Antibiotics in Modic Changes (AIM)
study, a randomised, placebo-controlled trial investigating
the effect of antibiotics in patients with cLBP and MCI1
or MC2.*' Patients were recruited to the AIM study from
outpatient clinics at six participating hospitals in Norway
between June 2015 and September 2017. Eligible partici-
pants were 18-65 years with LBP lasting for more than 6
months, had MC1 or MC2 verified on MRI and LBP inten-
sity score (on a Numerical Rating Scale (NRS) 0-10) of =5.
A standardised 1.5 T baseline MRI had to confirm MCs
with height 210% of vertebral height and diameter >5 mm
at the level of a previous lumbar disc herniation (index
level). Patients were excluded if a specific diagnosis could
explain their cLBP (eg, tumour, fracture, spondyloarthritis,
infection, spinal stenosis) or they had undergone former
low back surgery (LL1-S1) for other than disc herniation or
surgery for disc herniation <12 months before inclusion.
Full details of the AIM study and the MRI evaluations have
been published elsewhere.*' **

For the cytokine study, MC1 had to be the most exten-
sive MC type at two or more index level endplates (MCI)
or MC2 but not MC1 had to be present at the index level
(MC2). A total of 83 patients (MC1 (n=46) or MC2 (n=37))
were found eligible for this study.

Sex and age-matched healthy controls (n=50) were
recruited from blood donors at Oslo University Hospital.

Subjects with previous back surgery or any history of back
pain or stiffness lasting for >3 months the last year were
excluded from participation. Patients and controls were
included after written informed consent.

Clinical procedures

Questionnaires filled out at baseline in the AIM study were
used to assess LBP and psychological factors; for example,
NRS, Roland Morris Disability Questionnaire, Oswestry
Disability Index, EuroQol-5D, Fear-Avoidance Beliefs Ques-
tionnaire, Hopkins symptom checklist.**® The LBP inten-
sity was measured as a mean of three NRS (0-10) assess-
ments; current LBP, the worst LBP within the last 2 weeks,
and usual/mean LBP within the last 2 weeks.

Blood sampling

Venous blood was collected from AIM participants at
screening, and from healthy controls when donating
blood. Blood was collected in BD vacutainer® tubes with
no additives and stored in room temperature for 45 min
before centrifugation at 2000gfor 10 min at room tempera-
ture. Serum was immediately aliquoted and stored at -80°C
prior to cytokine analysis.

Cytokine analysis

Duplicate serum analysis by a 40-plex Pro Human
Chemokine multi-bead assay (Bio-Rad, Norway) was
used to assess the concentrations of 40 cytokines in
patients and control subjects (table 1). The panel was
chosen as itincluded cytokines that previously has been
linked to MCs as interleukin (IL)1-B), tumor necrosis
factor alpha (TNF-o), C-X-C Motif Chemokine Ligand 5
(CXCL5b), granulocyte-macrophage colony-stimulating
factor (GM-CSF), IL-6, IL-8 and macrophage migration
inhibitory factor (MIF)."® 2° 2728 Data were recorded
with a Luminex IS 100 instrument (Bio-Rad, Hercules,
California, USA) and protein concentrations were
determined using recombinant standard curves. The
following cytokines were analysed: (TNF-0), interferon
gamma (IFN-y), IL-1B, IL-2, IL4, IL-6, IL-8, IL-10,
IL-16, GM-CSF, MIF, C-C motif ligand(CCL)1, CCL2,
CCL3, CCL7, CCL8, CCL11, CCL13, CCL15, CCL17,
CCL19, CCL20, CCL21, CCL22, CCL 23, CCL24,
CCL25, CCL26, CCL27, CXCL1, CXCL2, CXCL5,
CXCL6, CXCL9, CXCL10,CXCL11,CXCL12,CXCL13,
CXCL16 and C-X3-C Motif Chemokine Ligand 1
(CX3CL1). Only cytokines with less than 20% missing
values were included in further analyses. CXCL5 was
below the limit of quantification for more than half of
the samples and excluded from further analysis.

Statistics
All analyses were done using SPSS V.27, STATA V.16 and
the R programming language (http://www.r-project.
org/).

For descriptive analyses, categorical variables were
reported with absolute and relative frequencies and
continuous variables with mean and SD. To assess
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differences we used x” test for categorical variables and the downstream analyses. We used Bonferroni correction

t-test or analysis of variance for continuous variables. to adjust for multiple testing when comparing cytokine
Normal distribution of cytokines was assessed by the  levels between groups, leading to a marginal level of

Shapiro-Wilk test. All cytokine values were standardised ~ 0.001.

using log transformation to enable comparable data in

Table 1 Serum cytokine concentrations among patients with Modic change (MC1), MC2 and healthy controls

Pairwise comparison

Concentrations (pg/mL) P values P values P values
Cytokine MCH MC2 HC MC1 versus HC MC2 versus HC MC1 versus MC2
IL-1B8 0.56+0.39 0.48+0.71 0.41+0.47 0.57 1.0 1.0
IL-2 2.08+0.24 2.06+0.25 1.91+0.29 0.005 0.03 1.0
IL-4 3.35+0.33 3.35+0.33 3.19+0.33 0.07 0.11 1.0
IL-6 1.42+0.30 1.45+0.39 1.14+0.32 <0.001 <0.001 1.0
IL-8 2.09+0.33 2.08+0.31 2.00+0.34 0.48 0.68 1.0
IL-10 2.10+0.23 2.06+0.23 1.96+0.33 0.04 0.22 1.0
IL-16 5.60+0.34 5.58+0.27 5.24+0.25 <0.001 <0.001 1.0
IFN-y 2.58+0.22 2.54+0.24 2.42+0.22 0.003 0.07 1.0
TNF-o 2.87+0.21 2.81x0.25 2.77+0.43 0.31 1.0 1.0
MIF 6.55+1.11 6.82+1.33 5.59+0.53 <0.001 <0.001 0.69
GM-CSF 2.47+0.79 2.30+0.88 2.20+1.10 0.46 1.0 1.0
CCLA 3.09+0.19 3.12x+0.15 3.00+0.29 0.11 0.04 1.0
CCL2 4.14+0.39 4.15+0.40 4.03+0.35 0.40 0.36 1.0
CCL3 1.77+0.33 1.76+0.29 1.64+0.30 0.10 0.17 1.0
CCL7 4.07+0.24 4.05+0.24 3.93x0.23 0.02 0.06 1.0
CCL8 3.67+0.47 3.72+0.46 3.57+0.49 0.83 0.42 1.0
CCL11 3.68+0.25 3.70+0.29 3.58+0.24 0.17 0.07 1.0
CCL13 4.38+0.47 4.50+0.54 4.31x0.44 1.0 0.21 0.76
CCL15 7.95+0.32 7.80+0.64 7.70+0.39 0.03 0.84 0.48
CCL17 4.90+0.66 5.06+0.69 4.72+0.73 1.0 0.08 0.57
CCL19 4.66+0.37 4.62+0.36 4.46+0.31 0.02 0.08 1.0
CCL20 1.67+0.50 1.61+0.39 1.31+0.51 0.001 0.01 1.0
CCL21 8.76+0.27 8.76+0.32 8.62+0.27 0.06 0.08 1.0
CCL22 6.69+0.34 6.74+0.36 6.45+0.41 0.005 0.002 1.0
CCL23 5.83+0.61 5.91+0.58 5.73+0.39 1.0 0.38 1.0
CCL24 6.20+0.63 6.22+0.64 6.12+0.61 1.0 1.0 1.0
CCL25 5.47+0.27 5.46+0.21 5.30+0.32 0.01 0.02 1.0
CCL26 2.63+0.39 2.63+0.32 2.40+0.42 0.01 0.02 1.0
CCL27 6.95+0.39 6.91+0.31 6.51+0.52 <0.001 <0.001 1.0
CXcL1 5.08+0.27 5.09+0.28 5.03+0.24 1.0 0.91 1.0
CXCL2 5.38+0.66 5.62+0.61 5.52+0.55 0.80 1.0 0.22
CXCL6 3.58+0.40 3.60+0.41 3.42+0.31 0.14 0.10 1.0
CXCL9 5.21+0.54 5.11+0.46 5.04+0.63 0.38 1.0 1.0
CXCL10 5.19+0.43 5.23+0.52 5.10+0.55 1.0 0.58 1.0
CXCL11 2.86+0.49 2.84+0.50 2.76x0.62 1.0 1.0 1.0
CXCL12 7.67+0.30 7.67+0.27 7.57+0.35 0.37 0.47 1.0
CXCL13 3.05+0.38 3.00+0.27 2.81+0.41 0.006 0.05 1.0
CXCL16 6.12+0.29 6.17+0.27 5.96+0.42 0.07 0.01 1.0
CX3CL1 4.77+0.20 4.65+0.19 4.44+0.26 <0.001 <0.001 0.06

Mean concentrations and SD of log-transformed serum cytokines among patients with MC1, MC2 and healthy controls. Comparative analyses (MC1 vs MC2 vs
healthy controls) by analysis of variance. Significant p values after correction for multiple comparisons are in bold.
HC, Healthy controls; MIF, macrophage migration inhibitory factor.
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Correlations between cytokines and LBP intensity
score (NRS) were assessed by the Spearman rank test
(correlation coefficient 0.00-0.19 ‘very weak correla-
tion’, 0.20-0.39 ‘weak correlation’, 0 .40-0.59 ‘moderate
correlation’, 0.60-0.79 ‘strong correlation’, 0.80-1.0
‘very strong correlation’).*

Clustering analyses were performed using the complex
heatmap R package to identify potential clustering of
individuals and cytokines.” To identify grouping of
patients based on serum cytokine levels, we splitted the
heatmap using k-means partitioning of patients and
hierarchical clustering of cytokines. We used complete
linkage of Euclidean distance for individuals and Pearson
correlation for cytokines. The clustering was performed
separately on all data (patients and controls, n=133), and
on patients only (n=83) to explore potential clustering
of subgroups among patients. Differences in clinical
features between identified clusters were explored by
Kruskal-Wallis test for continuous variables and % test for
categorical variables.

Principal component analysis (PCA) was computed
using the prcomp function in the stats V.3.6.2 R package.
Visualisation and interpretation of the PCA were done
using functions implemented in the factoextra R package.
The cumulative proportion of the variance was explored
by ordering the eigenvalues in scree plots. The contribu-
tion to the principal components (PCs) and the quality
of the representation of the individual cytokines were
assessed using the loadings and the cos2 (square cosine,
squared coordinates), respectively.

Receiver operating characteristics (ROC) analyses were
performed to evaluate performance and the summary of
accuracy calculated as the area under the curve (AUC) of
identified cytokines.

RESULTS

Clinical characterisation of the samples

Data from 83 cases (n=46 MC1 and n=37 MC2) and 50
controls were included in the analyses. Baseline charac-
teristics of patients are shown in table 2. In the control
group 44% were men, and the average age was 44 (+9.9)
years.

Comparison of individual cytokine levels

Comparison of serum cytokine levels between MC1, MC2
and healthy controls is presented in table 1. We found
that six cytokines (CCL27, CX3CL1, IL-6, IL-16, CCL20
and MIF) were statistically significantly elevated in serum
in the MC1 group compared with the healthy control
group (p=<0.001). Five of these were also increased in
the MC2 group; CCL27, CX3CL1, IL-6, IL-16 and MIF.
We found no significant differences between MCI and
MQC2.

Correlations between cytokines and pain

Six cytokines showed a moderate association (r=0.40-
0.59) with LBP intensity (NRS), IL-6 (r=0.41, p<0.001),
CCL22 (r=0.41, p<0.000), CCL20 (r=0.41, p<0.000),

CCL27 (r=0.45, p<0.000), CX3CL1 (r=0.44, p<0.000)
and IL-16 (r=0.49, p<0.000). Four had a weak correlation:
(r=0.20-0.39); CCL26 (r=0.31, p<0.000), CCL19 (r=0.30,
p=0.001), CXCL13 (r=0.32, p<0.000) MIF (r=0.38,
p<0.000).

Clustering analyses

Patients and controls formed three distinct clusters as
shown in figure 1. Cluster 1 contains a predominance of
patients, cluster 2 includes both patients and controls,
whereas cluster 3 mainly controls. The heatmap reveals
an overall higher level of cytokine serum levels in
patients (clusters 1 and 2). We found no distinct clusters
of cytokines. The heatmap with patients only formed
four distinct clusters, where clusters 1 and 2 showed
higher serum levels of cytokines (figure 2). There is
no significant difference in distribution between clus-
ters when it comes to age (p=0.11), body mass index
(BMI) (p=0.65), sex (p=0.34), LBP intensity (p=0.52),
duration of LBP (p=0.44), emotional distress (Hopkins
symptom checklist) (p=0.72), quality of life score (EQ-
5D) (p=0.96) nor non-steroidal anti-inflammatory
drugs (NSAIDs)-use (p=0.73). However, there was
a significant difference in distribution of smokers
(p=0.002) and C reactive protein (CRP) (p=0.02), with
a larger proportion of smokers in cluster 2 compared
with cluster 3. Cluster 1 has a significant higher base-
line CRP than the other three clusters.

Principal component analysis

PCA of the total data (n=133 samples and n=39
cytokines) revealed separation of patients and controls
(figure 3A), where a proportion of the patients and
controls overlap. The clustering of patients and controls
capture 40.8% of the overall variance explained by the
first two PCs (figure 3A). Ten cytokines contributed to
this separation of patients from controls (figure 3B).
Interestingly, the MIF cytokine alone accounted for
92% of the total contribution (figure 3B) represented
with high quality (cos2 close to 1).

Receiver operating characteristics

ROC analyses showed that MIF has an acceptable ability
(0.7-0.8) to distinguish between patients and controls
with an AUC of 0.79 (0.71-0.86) (figure 4). None of
the other cytokines that contribute to separation of
patients from controls in the PCA demonstrate ability
or accuracy as a predictive biomarker.

DISCUSSION
In the present study, we found elevated serum levels of
several cytokines in patients with MCs, some previously
linked to MCs, degenerative disc or LBP. Our results
support that inflammatory mediators play a role in
cLBP with MCs.

There were, however, no significant differences
between the MC groups, and serum cytokine profiling
could not distinguish between the two groups. This
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Table 2 Characteristics of patients with Modic change (MC1) and MC2

MC1 MC2
n=46 n=37 P value

Demographic characteristics of patients

Sex, female 32 (69.6%) 19 (51.4%) 0.09

Age, years 42.1+8.3 45.8+9.0 0.06

BMI 24.6+£2.9 26.9+4.4 0.005

Smoking, yes* 17 (39.5%) 7 (20%) 0.06
Characteristics of LBP

RMDQt 13.0+4.0 12.4+5.0 0.54

NRS* 6.4+1.2 6.2+1.5 0.36

ODI* 31.3£10.5 33.9+11.6 0.31

Duration of LBP, years* 4.2+4.2 7.1+8.6 0.05

CRP%t 1.8+3.6 2.7+3.6 0.22
Psychological factors

Hopkins symptom checklist* 1.6+0.5 1.6+0.5 0.70

EQ-5D* 0.6+0.2 0.5+0.2 0.50

FABQpa* 11.7£5.8 11.5+6.3 0.89

FABQw* 17.8+12.4 20.0+13 0.45
Use of analgesics

Paracetamol§ 3 (7%) 6 (17.1%) 0.16

Paracetamol+codeinef| 2 (4.7%) 3 (8.6%) 0.48

Opioids** 2 (4.7%) 5 (14.3%) 0.14

NSAIDs* 12 (27.9%) 10 (28.6%) 0.95
Comorbidities

Diabetestt 1(2.3%) 0 0.36

Arthritistf 4 (9.3%) 0 0.06

Asthma§§ 3 (7.0%) 0 0.11

Myocardial infarction{q| 2 (5.7%) 0.11

Reflux, peptic ulcer, gastritis oesophagitis*** 3 (7.0%) 2 (5.7%) 0.82

Depression 3 (7.0%) 2 (56.7%) 0.82
Largest MC size

MC height >25% of vertebral body height 44 (95.7%) 30 (81.1%) 0.03

MC volume >25% of vertebral body volume 25 (54.3%) 12 (32.4%) 0.05

Continuous variables are given as mean+SD and categorical variables are given with absolute and relative frequencies. Continuous variables were compared with
Student’s t-test and 2 test was used for categorical variables. Significant values are shown in bold.

*MC1 n=43, MC2 n=35.
tMC1 n=43, MC2 n=34.
$MC1 n=41, MC2 n=35.
§MC1 n=40, MC2 n=29.
IMCA n=41, MC2 n=32.
**MC1 n=41, MC2 n=30.
+1MC1 n=42, MC2 n=35.
+tMC1 n=39, MC2 n=35.
§§MC1 n=40, MC2 n=35.
19IMC1 n=43, MC2 n=33.
**MC1 n=40, MC2 n=33.

BMI, body mass index; CRP, C reactive protein; EQ-5D, EuroQol-5D; FABQ, Fear-Avoidance Beliefs Questionnaire (FABQpa questions related to physical activity,
FABQw questions related to work); LBP, low back pain; MC1, type 1 Modic changes; MC2, type 2 Modic changes; NRS, Numerical Rating Scale; NSAIDs, non-
steroidal anti-inflammatory drugs; ODI, Oswestry Disability Index; RMDQ, Roland Morris Disability Questionnaire.

finding is in accordance with a recent study of cytokine
profiles in patients with McC."” Biopsies of MCs have
indicated that inflammatory changes may be present in
both MC typesQ7; hence, elevated levels of proinflamma-
tory cytokines may be present in both MCI1 and MC2.
Also, patients classified as MC1 group in our study could
have concomitant MC2, which may explain why there

was no difference between the groups. Furthermore, as
we did not have MRI of the upper spine, we cannot rule
out that both MC types are present also for patients
categorised as MC2. Other explanations for not finding
specific MC1 and MC2 serum cytokine profiles could
be insufficient statistical power.
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We found significantly higher serum concentration
of MIF in patients with MCI or MC2 than healthy
controls, and MIF was weakly correlated with pain.
MIF is a proinflammatory cytokine previously associ-
ated with MCs,”" and our findings underscore the role
this cytokine may play in MCs. Interestingly, the results
from the PCA show that MIF contributes with most of
the variation in the cytokine dataset between patients
and controls. MIF has been linked to autoimmune
diseases including axial spondyloarthritis,” osteo-
arthritis (OA)* and rheumatoid arthritis.>® MIF has
also been implicated in the development of osteopo-
rosis.”” ** Although the role of MIF in bone resorption
is not fully understood, other inflammatory mediators
like TNF-o0 have important effects, and MIF has been
identified as an upstream regulator of TNF-0.” Both
MC1 and MC2 demonstrate active bone lesions,13
and previous studies have related expression of pro-
osteoclastogenic biomarkers to MCs."” * The known
role of MIF in inflammation and bone turnover makes
this cytokine highly relevant for MCs. Another inter-
esting aspect is that MIF expression plays an important
role in T-cell regulation and is necessary in the pathway
leading to T-cell activation.” This is relevant as T-cells
have been implicated in animal models of MC1.”* %
Our results point to MIF as a promising candidate for
a future panel of MC biomarkers as MIF is the major

contributor to the separation of patients and controls,
and the ROC analysis indicates that it has an acceptable
ability to differentiate between healthy controls and
MCs. However, MIF is not specific for MCs as elevated
serum levels of this cytokine have been linked to several
other diseases.*”*!

The serum concentration of IL-6 and CX3CLI1 was
also increased in the MC groups. Both cytokines also
showed a moderate positive correlation with LBP inten-
sity. IL-6 is increased in LBP,** has been implicated
in the pathogenesis of MCs,"” *® ** and pain models
link IL-6 to rapid excitatory signalling in dorsal root
ganglion neurons,** * nociceptor sensitisation, central
sensitisation and pain generation.*™™ Our results
support a link between IL-6, MCs and pain. CX3CL1
plays an important role in induction and maintenance
of inflammatory pain.*’ It has to our knowledge not
been linked to MCs but to sciatica.”’ Interestingly,
CX3CL1 has recently been reported to hold a key
role in osteoclastic recruitment and subsequent bone
resorption.”’ ** Hence, CX3CLI could be involved in
the pain generation in MCs, but also stimulate vertebral
osteoclasts.

CCL20 was significantly increased in serum from
patients with MC1 in our study. CCL20 induces proin-
flammatory and matrix degradative responses in carti-
lage, and may play a role in the pathogenesis of OA.”
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The finding of this cytokine in serum in patients with
OA may be relevant as the bone marrow lesions in knee
OA share characteristics with MC lesions."”

When comparing cases with healthy controls we did
not find a significant difference between the levels of
CCL17 or GM-CSF. However, the PCA analyses show that
these cytokines contribute to the separation of patients
and controls. GM-CSF and CCL17 interact and the
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(A) Principal component analysis biplot of serum cytokine levels in HCs (n=50) and Modic change (MC) type 1 (n=37)
and MC type 2 (n=46) showing the healthy controls' individual scores as orange circles, and patients’ individual scores as blue
triangles in the first principal component (PC1) and second principal component (PC2), as well as cytokine loadings as black
arrows. (B) The two first PCs are plotted with the proportion of variance explained by each component indicated next to the
axis label.

Figure 3
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GM-CSF-CCL17-axis plays a role in models of arthritis
and OA development™ and increased levels of GM-CSF
has been reported in intervertebral discs with MCs."®

In the analyses comparing patients with MC and
healthy controls, we found that the serum levels of IL-16
and CCL27 was significantly higher in MC1 and MC2
compared with controls. The PCA revealed that CXCL9,
CXCL10 and CXCL11 contributed to the separation of
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Figure 4 Receiver operating characteristic analyses of the 10 cytokines that contribute to the separation of patients and
control. AUC, area under the curve; MIF, macrophage migration inhibitory factor.

patients and controls. These cytokines have not been
associated with MCs or LBP; however, CXCL10 is linked
to the development of neuropathic pain.”®

We found small to moderate correlations between
some cytokines and LBP intensity. These correlations
could be reduced by a narrow spectrum of LBP intensity
in our sample (eg, inclusion criteria >5).”” The findings
should be interpreted in light of the multiple factors asso-
ciated with non-specific LBP and the usual heterogeneity
of patients with LBP.”®

In the clustering analysis, we did not observe clus-
tering according to MC groups. This is compliant with
the results of no difference in serum cytokine profiling
between the MC groups, and may underscore that there
is no difference between the two groups. These results
may also suggest that the difference in cytokine profiles
between cases and controls is due to cLBP and not to
MCs. For the clustering analysis only including patients
and cytokines, we explored the differences between
clusters to understand how patients with overall higher
serum cytokine concentrations differed from those
with lower levels. Several factors like age, BMI, gender,
NSAIDs-use, smoking habits and comorbidities could
influence cytokine levels. We found a higher proportion
of smokers in cluster 2; otherwise, there was no differ-
ence in demographical or clinical features between
clusters. Also, we found higher levels of CRP in cluster
1, compared with clusters 2, 3 and 4 that might indicate

a more inflammatory subgroup, which is in accordance
with a study reporting higher levels of high-sensitivity
CRP in some patients with MC1.” The four clusters could
be linked to underlying aetiologies of MCs. The PCA
showed that levels of the MIF-cytokine explained most
of the overall variation separating patients with MC from
controls. However, there could also be other unmea-
sured factors (lifestyle, environmental causes or others)
contributing to the clustering and separation between
healthy controls and MCs.

Identifying a single biomarker predictive of MCs seems
unlikely. However, finding a biomarker panel for MCs
could help guide clinical decision making for this patient
group and guide future research on therapies. We have
found potential novel serum biomarkers for MCs, where
MIF especially is a promising candidate together with
CX3CLI. Our results strengthen the hypothesis that MCs
are related to inflammation. MIF’s role in the pathogen-
esis of MCs, and its ability to predict MCs and possible role
as a future biomarker would be interesting to explore in
other populations and further studies.

Strengths of our trial are that we have a large sample
size compared with previous studies, and all analyses
were done using established, validated measurement
assays. However, interpretation of our results is limited as
we have not replicated the findings in a second cohort.
Another major limitation to our study is that we did not
have MRI of the control group, or a control group with
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cLBP without MCs. Previous studies have shown that
about 6% of the population not suffering from LBP have
MCs. Furthermore, proinflammatory cytokines have
previously been linked to disc herniation and LBP and
subsequently our results’ specificity for MCs is uncer-
tain. Unfortunately, we only have information about sex
and age for the control group, and could not adjust for
other known confounders such as BMI, comorbidities or
smoking that may influence the results. Also, cytokines
have a diurnal variation, while blood sampling was not
set to a certain time point, which is not ideal. Another
limitation is that we have used a standard proinflam-
matory panel for analyses of cytokines. There might be
other cytokines implicated in the pathogenesis of MCs
that were not measured, possibly with the ability to differ-
entiate MC1 and MC2. The strict significance level at
0.001 when comparing cytokine levels between groups
increases the possibilities of type 2 errors. However, not
restricting the analyses to cytokines previously linked
to MCs may expand the understanding of underlying
pathomechanisms.

In conclusion, the results from the present study indi-
cate that inflammatory mediators play a role in the devel-
opment of MCs and point to MIF as a potential biomarker.
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