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ARTICLE INFO ABSTRACT

Keywords: Introduction: Cervical- and lumbosacral radiculopathy symptoms due to disc herniation are likely to be influenced
Intervertebral disc herniation by macrophage infiltration of the herniated disc. Vertebral endplate changes are hypothesized to, at least
Luml?ar partially, correlate to the inflammatory condition of the disc and its environment.

I(\:/f(f:i/;zaihanges Research question: The present study aims to evaluate several immunohistochemical M1-and M2-markers for their
Inflammation suitability to discern pro-inflammatory M1-and anti-inflammatory M2 macrophage differentiation patterns in
Macrophage herniated intervertebral disc tissue. In addition, their associations with Modic changes (MC) of the vertebral
M1 endplates will be evaluated.

M2 Materials and methods: Herniated disc samples were collected from 45 patients undergoing surgery for cervical- or

lumbosacral radiculopathy. Samples were processed for immunohistochemistry and stained for the presence of
macrophages: CD68 (macrophage marker), CD40 (M1), iNOS (M1), CD192 (M1), CD163 (M2), Argl (M2) and
CD209 (M2). T-cells (CD3) and neutrophil (CD15) expressions were studied additionally.

Results: CD68 positive cells were present with a median density of 50/cm?, M2 markers CD163 and CD209 were
expressed most dominantly, followed by M1 marker CD192. Other M1/M2 markers, T-cell and neutrophil
expression was limited. Lumbar samples showed higher expression of iNOS and Argl compared to cervical
samples. Presence of Modic changes was associated with higher levels of CD68 cells (p = 0.046), but no sig-
nificant differences in M1/M2 markers were found.

Discussion and conclusion: For studying M1 macrophages, CD192 is the most suitable marker due to its high
expression; whereas for M2 macrophages, this is CD163 due to its high expression and selectivity. Further, the
relatively high expression of M2 markers indicates predominance of anti-inflammatory over pro-inflammatory
macrophages in symptomatic lumbar and cervical disc herniations. No associations between M1/M2 markers
and MC were seen in this limited number of samples. In order to further explore the role of macrophage dif-
ferentiation and its relation with MC in radiculopathy, a large prospective trial with elaborate clinical follow-up is
required.

1. Introduction

Herniation of the intervertebral disc is a common phenomenon, and
when accompanied by radicular symptoms, it causes a major burden for
society worldwide. These severe radicular symptoms are thought to be
partially caused by the compression of the adjacent nerve root, but the
nerve root can also be sensitized by inflammatory cells responding to
local damage and/or disc material (Djuric et al., 2019, 2020b).

These abovementioned infiltrating inflammatory cells mostly consist
of macrophages (Cunha et al., 2018; Kawaguchi et al., 2001), which have
shown to considerably aid disc resorption through phagocytosis of her-
niated tissue (Kobayashi et al., 2009), thereby increasing the rate of re-
covery. In contrast, they may also excrete pro-inflammatory cytokines
(Woods and Hilibrand, 2015), which may sensitize the nerve root and
have been associated with a decreased rate of recovery (Djuric et al.,
2020a). The discrepancy in these effects can potentially be explained by
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the various differentiation profiles of macrophages. Each set of envi-
ronmental cues will lead to distinct macrophage phenotypes, which show
unique behaviors and expression profiles (Martinez and Gordon, 2014).
Even though each differentiation profile produces a unique phenotype,
they can be polarized to pro-inflammatory (M1) or anti-inflammatory
(M2) macrophages (Vogel et al., 2014). M2 macrophages express
markers such as CD163, CD206 and CD209, and may be responsible for
the abovementioned beneficial effects on recovery through expression of
anti-inflammatory factors like IL-4 or arginase-1 (Vogel et al., 2014;
Pourcet and Pineda-Torra, 2013; Gerrick et al., 2018; Tarique et al.,
2015) and phagocytosis factors such as IL-10 (Gerrick et al., 2018; Li
etal., 2022). By contrast, M1 macrophages express markers such as CD40
and CD192 and may exacerbate pain symptoms through expression of
pro-inflammatory cytokines such as, IL-1f, IL-6 and TNF- « (Djuric et al.,
2020a; Vogel et al., 2014; Gerrick et al., 2018; Lee et al., 2016), aggra-
vating the immune response.

Since not all herniations are of the same origin, it is possible that
macrophage differentiation may possibly vary depending on the char-
acteristics of the disc lesion and condition of the vertebral endplates.
Vertebral endplate changes are visible on MRI (Modic changes; MC) and
are considered to be a sign of inflammatory fibrosis and/or edema (Dudli
etal., 2017), possibly induced by decreased vascularization. In a previous
study, we demonstrated that in patients without Modic changes,
macrophage infiltration was associated with faster recovery after sur-
gery, whereas in patients with Modic changes, macrophage infiltration
was associated with a decreased recovery rate after surgery (Djuric et al.,
2019). Based on these findings, a higher percentage of M2 macrophages
is expected in patients without MC, whereas in those with MC, M1
macrophages are likely to be present more abundantly.

Another factor that could be of influence is the location of the her-
niation: cervical herniated discs have been proposed to contain a lower
degree of neovascularization after herniation compared to lumbar ones
(Chitkara, 1991), which likely results in a lower degree of macrophage
infiltration in cervical as compared to lumbar patients.

A better understanding of macrophage differentiation in the herni-
ated disc will help to understand its role in recovery and may open new
doors for treatment possibilities. For example, shifting a macrophage
profile towards M2 could fasten the resorption process of herniated discs
and alleviate radiculopathy symptoms. Therefore, the aim of the present
study is to immunohistochemically explore macrophage differentiation
in both cervical and lumbar disc herniations and investigate the associ-
ation with Modic changes. Additionally, in order to explore whether
other immune cells may also play a pivotal role in radiculopathy, T-cells
and neutrophils will be analyzed as well.

2. Methods
2.1. Study population

Discectomy patients from a single center were included between
January 2018 and July 2022 if they suffered from radicular symptoms
due to an intervertebral disc herniation, verified by MRI, for 8 or more
weeks.

In cervical radiculopathy patients, an anterior approach was per-
formed for discectomy and the bulk of the disc was removed. In lumbar
radiculopathy patients, a posterior approach was performed using a
standard unilateral transflaval approach. The herniated part and some of
the intervertebral part of the disc was collected. Study was approved by
the medical ethics committee.
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2.2. Sample processing

All harvested discs were fixed in a 4% formaldehyde solution for 3-7
days. Tissue was subsequently embedded in paraffin blocks and a 5-pm
thick slices were taken from the middle of the block for haematoxylin and
eosin staining, which was performed according to the Leica ST 5020-
mulitstainer standard protocol. Samples were evaluated under the mi-
croscope for presence of inflammatory cells. If tissue from one sample
exceeded the capacity of 1 paraffin block, multiple blocks were formed
and a slide of each block was evaluated.

2.3. Immunohistochemistry

From each disc containing inflammatory cells, the slide with the most
inflammatory cells was submitted to further analysis using immunohis-
tochemistry: Macrophages were characterized using CD68, M1 macro-
phages were identified using CD40, iNOS and CD192 M2 macrophages
were identified using CD163, Arginase 1 (ARG1) and CD209, T-cells were
identified using CD3 and neutrophils using CD15. 5-um paraffin slices
were rinsed in ethanol and methanol solutions and prepared for the
expression of CD68 (DAKO, Denmark), CD40 (Sanbio, Netherlands),
iNOS (Spring bioscience, USA), CD192 (Thermo Fisher Scientific,
Netherlands), CD163 (Abcam, Netherlands), ARG1 (Spring bioscience,
USA), CD209 (Thermo Fisher Scientific, Netherlands), CD3 (DAKO,
Denmark). Immunohistochemistry was performed using a three-step in-
direct method. Antibodies CD68, Argl, iNOS and CD3 were cooked in
Citrate pH 6.0 buffer, CD163, CD192 and CD15 in EDTA pH 8,5 and
CDA40 in pronase as a pre-treatment, for CD209 no pretreatment was
used. Subsequently, an avidin-biotin complex technique was performed
with the Vectastain ABC-Elite Kit (Vector Lab. USA) and the appropriate
biotinylated antibodies. Visualization of the peroxidase reaction was
done with DAB solution (Sigma). Samples were counterstained with
Harris haematoxylin. All samples were accompanied by a positive con-
trol, which was atherosclerosis tissue for all macrophage markers, and
tonsil tissue for T-cells and neutrophils. For evaluation all samples were
photographed using Philips ultra-fast scanner. Since previous studies
have reported the expression of CD68, CD40 and iNOS by nucleus pul-
posus cells and chondrocytes (Yang et al., 2016; Bai et al., 2019; Gotoh
et al., 2004), cells were analyzed based on morphological features and
only macrophages were photographed and evaluated. The same
approach was used for CD163, CD192, CD209 and Argl. For CD3 and
CD15 morphological features of T-cells and neutrophils respectively were
taken into account as well.

2.4. MRI

For the evaluation of Modic Changes, a 3T MRI was used. Both
sagittal T1-and T2-weighted images of the lumbar or cervical spine were
obtained. Image evaluation of MC was according to the criteria of Modic
et al.,, 1988a, 1988b. Image evaluation was done by two independent
researchers in a blinded manner (ND & CVL). Inter agreement analysis
was performed and kappa values were calculated. Upon disagreement, a
third observer was consulted (GL).

2.5. Data analysis

Preceding cell counting, quality of all staining results was evaluated
by a senior pathologist (SVD). Cell counts were performed using ImageJ
and evaluation was executed by two independent researchers (ND & GL).
Inter-observer correlation coefficients were calculated for each staining



N. Djuric et al.

separately. For each antibody 50 pictures were evaluated by hand in the
above-mentioned manner. Subsequently an automated cell count algo-
rithm in ImageJ was matched on the average count of the two observers
with a correlation coefficient of >0.8, which was regarded as a strong
correlation. This algorithm was used to evaluate the remaining bulk of
pictures.

Positive macrophage/lymphocyte counts were divided by the surface
of the evaluated herniated disc material in cm? M1 and M2 dominance
could only be analyzed in samples where inflammation was present,
hence it was only determined in if at least 10 positive CD68" cells/cm?
were seen, Also, for relative M1/M2 dominance, M1 and M2 markers
were expressed as percentages (ranging from 0% to 100%) of the number
of CD68 positive cells.

For statistical analysis, expression level of each marker was analyzed
using a multiple regression with MC and location of herniation (cervical/
lumbar) as predictors. Additionally, since type of herniation (bulging/
extrusion/sequester) is known to influence the extend of macrophage
infiltration (Djuric et al., 2020b), it was included as covariate. Moreover,
since epidural corticosteroid injections have been suggested to alter
inflammation profiles, this variable was also considered as a covariate
(Ehrchen et al., 2019).

Data was log transformed to achieve a normal distribution and linear
regression assumptions were met. Furthermore, the correlations between
duration of symptoms and expression of inflammatory markers were
evaluated using Spearman's correlation. For all analyses, alpha was set at
5%.

3. Results
3.1. Study population

Herniated disc samples were retrieved from 45 patients who
consecutively underwent discectomy for radiculopathy and fulfilled the
inclusion criteria. Twenty-two patients underwent lumbar discectomy for
sciatica, and twenty-three patients underwent anterior discectomy for
cervical radiculopathy. No statistically significant difference was found
in age, gender and symptom duration between lumbar and cervical pa-
tients, nor between patients with and without MC (Table 1).

3.2. Histopathology

The tissue that was removed, embedded and stained mostly consisted
of nucleus pulposus (NP) material with varying degrees of annulus
fibrosus (AF) and cartilage endplate (EP) present. 33/45 samples (73%)
showed inflammatory cells which were localized in the edges of NP tissue
(Fig. 1a). Only CD163 showed to be specific for macrophages. CD68,
CDA40, iNOS, CD192, Argl and CD209 also stained nucleus pulposus cells
and chondrocytes (Fig. 1).

3.3. Inter observer agreement and algorithm efficacy

For all macrophage markers, an inter observer correlation coefficient
of >0.8 was found between the two observers for 50 randomly chosen
pictures from different samples. For CD68, CD40, CD192, CD163 and
CD209 a correlation coefficient of >0.8 was also achieved between the
average count of the observers and ImageJ automated cell count. For
iNOS and Arg1 however, the required correlation coefficient could not be
achieved and cells were counted manually. Regarding CD3 and CD15, the
total number of pictures with positive cells was <50, hence no automated
cell count could be validated and cell counts were performed manually.
For all manual counts, average counts of the observers were used for data
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analysis (Table S1).
3.4. Quantification of inflammation markers

In 33 of the 45 samples, inflammatory cells were present. Number of
macrophages (CD68") varied widely between samples ranging from 8/
em? till 19,341/ cm? with a median of 50/cm? (median = 261/cm? within
the 33 samples with inflammation). The M1 and M2 markers were only
analyzed in the population with >10 macrophages (CD681)/cm?. The
median expression of M1 markers was 52/cm? for CD192, 5/cm? for
iNOS and 3/cm? for CD40. Median expression of M2 markers was higher:
CD209 was expressed with a median of 159/cm?, CD163 with a median
of 70/cm?, Argl was barely expressed with a median of 0/cm?.

CD3 and CD15 were mostly expressed in limited quantities: CD3
median<1/cm?, CD15 median<1/cm?. Further, high expression of CD68
correlated with higher levels of CD3 (p < 0,001) and CD15 (p < 0,001).

3.5. Overall suitability of M1 and M2 markers in disc tissue

Taken together, CD163 was shown to be a suitable marker for M2
macrophages in both lumbar and cervical radiculopathy patients due to
its abundant presence and specific, intracellular macrophage staining.
CD209 is also a useful M2 marker due to its abundance and staining in-
tensity, but it was also found to stain NP cells, thereby making CD163 the
preferential marker. Furthermore, Argl was deemed unsuitable as M2
marker due to its limited expression and extracellular staining.

Regarding M1 markers, CD192 was regarded as a suitable marker due
to its relatively high abundance and staining intensity. Further, both
iNOS and CD40 can be used as M1 markers, but with some limitations:
iNOS showed the highest expression levels, but also illustrated extra-
cellular reactivity and limited staining intensity, making it unsuitable for
algorithm counting. CD40 was expressed in lower quantities, but staining
was intracellular and the intensity was high, thereby making it suitable
for algorithm counting. Further, Both CD3 and CD15 have shown to be
proper markers for T-cells and neutrophils respectively. Nonetheless, as
they are only expressed in limited numbers, their relevance in the
inflammation response of the herniated disc is questionable.

3.6. Inter observer agreement MRI

For the presence of MC, inter observer agreement was moderate with
an agreement percentage of 78% (Cohens Kappa = 0,58). Of the 45 pa-
tients, 22 patients did show MC, of which four type 1, seventeen type 2
and one type 3, 22 did not show MC and one MRI was lost (Table 1b).

3.7. Macrophage expression in subgroups

For the multiple regression analysis, only type of herniation was
included as a covariate, as the usage of corticosteroid injections was not
of any influence on the regression model.

Regarding the differences between cervical and lumbar samples,
expression levels of most markers were comparable. Nevertheless, even
though the expression levels of iNOS (M1) and Argl (M2) were very
limited, the logistic regression showed significantly higher levels of these
markers in lumbar discs (table 3A). Regarding differences between pa-
tients with and without MC, those with MC + had significantly higher
levels of CD68™ cells/cm? (p = 0.046), none of the M1 and M2 markers
showed significant differences between MC+ and MC- groups, and
neither did the T-cell (CD3) or neutrophil (CD15) markers (Table 3A).

In an additional multiple regression analysis, relative expression of
M1 and M2 markers as percentage of CD68 positive cells was assessed. In
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line with the absolute expression levels, the relative analysis showed that
lumbar patients had significantly higher percentages of iNOS (M1) and
Arg (M2) compared to cervical samples (Table 3B). Other M1 and M2
markers showed no significant differences. No significant differences in
relative expression were seen between MC-+ and MC- patients. Overview
of all absolute expression levels can be found in Fig. 2 and relative
expression levels in Fig. 3. Linear regression results are listed in Table 3.

3.8. Influence of time on macrophage differentiation

The median duration of symptoms was 7 months (IQR: 7,8). Neither
the absolute nor relative expression of any of the inflammatory markers
was correlated to the duration of symptoms (Table 4).

4. Discussion

For studying M1 macrophages in herniated disc tissue, CD192 was
regarded as the most suitable marker due to its high expression For M2
macrophages however, CD163 was most suitable due to its high
expression and selectivity. Furthermore, the present study indicates that
M2 macrophages (CD163+, CD209+) are the dominant type of inflam-
matory cells in herniated intervertebral disc tissue harvested from cer-
vical and lumbar radiculopathy patients. Moreover, for most
inflammatory markers, no differences were seen between cervical and
lumbar patients, only iNOS (M1) and Argl (M2), which were both
expressed in limited quantities, were more abundant in lumbar patients.
Further, a higher number of macrophages was seen in MC + patients, but
no significant differences were seen in absolute or relative expression of
the M1 or M2 markers between MC+ and MC- patients.

The dominance of M2 macrophages found in this study was not in line
with a recent study by Yamagishi et al. (2021), where the authors looked
at CD16 (M1) and CD206 (M2) expression in cervical herniated discs
(Yamagishi et al., 2021). They found higher levels of CD16 in 61% of the
inflamed samples, whereas in 39% CD206 was more dominantly
expressed. As we have shown in the present study, not all M1 and M2
markers are expressed equally, making it difficult to draw conclusions on
overall M1 or M2 expression based on a single marker. Moreover, only 3
random microscopy fields were evaluated in their study (Yamagishi et al.,
2021), whereas in the present study all microscopy fields were evaluated.

Besides the differences in iNOS and Argl, which were expressed in
very limited quantities in all samples, our results imply a similar degree
of macrophage infiltration in lumbar and cervical herniated discs. This
seems to be in contrast with a previous study by Sadowska et al. (2017),
who found higher mRNA levels of IL-15 in nucleus and higher levels of IL-
6, TNF-a, TRPC6 in annulus of cervical discs (Sadowska et al., 2018).
When interpreting our results, it should also be noted that a different
surgical procedure was used for lumbar and cervical discs. During sur-
gery for lumbar herniations, only the herniated part is removed, which is
the part that is exposed to the epidural space and therefore more likely to
undergo neovascularization, which may subsequently lead to a high
macrophage cell density. By contrast, during surgery for cervical herni-
ated discs, the whole disc is removed. This means that for cervical her-
niations, the investigated area under the microscope will contain more
‘inner’ nucleus pulposus material, which is relatively healthy disc ma-
terial that is not exposed to epidural space and will thus contain no or less
macrophages, leading to a lower macrophage density in the analysis.
Thus, our cervical counts of inflammatory cells/cm2 could be
underestimated.

Moreover, no significant differences in M1 or M2 markers were seen
between MC+ and MC- patients. This is not in accordance with our hy-
pothesis in which we, based on previous findings (Djuric et al., 2019),
expected MC + to be associated with an increase in M1 macrophages. By
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contrast, we also expected a higher level of M2 in MC- patients. The fact
that we were not able to find these associations could very well be due to
our limited sample size. This speculation is supported by a
non-significant trend towards higher relative expression of M1 (CD192)
and lower relative expression of M2 (CD163) in MC + patients.

Alternatively, it could be that other M1 markers such as CD64, CD80
or CD86, or other M2 markers such as CD11b or CD206 would provide
better results (Vogel et al., 2014; Gerrick et al., 2018; Tarique et al.,
2015). Unfortunately, assessing all possible M1 and M2 markers was
beyond the scope of this study.

In the present study, symptom duration did not affect results. In a
normal wound healing response, the initial response is dominated by M1
macrophages on day 1 (Daley et al., 2010), and switches to M2 in the
following days (Mahdavian Delavary et al., 2011; Lucas et al., 2010). In
line with this process, a recent study by Nakawaki et al. (2019) showed
that in an intervertebral disc injury model in mice, M1 related cytokine
expression decreased from 1 to 7 days after the injury whereas M2
marker expression increased at 7 days and remained elevated after 28
days (Nakawaki et al., 2019). As patients in this study had symptoms >2
months, it is assumed that the initial switch from M1 to M2 was finalized
prior to tissue harvesting, and that in this stage of chronic symptoms, a
longer duration of symptoms could not affect macrophage differentia-
tion. Alternatively, it could also be stated that since the disc is a degen-
erated environment, it cannot be compared with a normal wound healing
response and no switch in macrophage type should be expected over
time. In either case, is should not be forgotten that this analysis was
conducted with a small number of samples and that data was obtained
retrospectively during the intake visit, making it prone for recall bias.

A limitation of this study lies within the methodology of tissue pro-
cessing and immunohistochemistry. For example, for each antibody a
new slide of the same paraffin block was used, and sometimes the total
number of macrophages was larger in the M1/M2 marker slide compared
to the CD68 slide. Because the CD68 slide was used as a reference number
to calculate the percentage of M1/M2, the positive fraction of M1/M2
could exceed 100% of CD68™. In the relative analysis, these samples were
scored as 100%. This difference in number of cells per slide was more
frequently occurring in slides that were slit of the paraffin block at a
relatively large distance from the location where the ‘reference slide’ was
obtained, on which CD68 staining was performed. In this study the most
distant slides were stained with CD209 and CD192, which may decrease
the reliability of their relative analysis. Moreover, from some patients,
more tissue could be collected than from others, resulting in multiple
paraffin tissue blocks, of which only the one with the most inflammation
was submitted for evaluation. This may have resulted in an over-
estimation of the number of inflammatory cells in patients with large
amounts of tissue. Nonetheless, during surgery, not only the herniated
tissue, but also some intervertebral disc tissue without any inflammatory
cells was removed. Thus, the block with the most inflammatory cells
logically resembles the sample with the most herniated tissue, thereby
making it the most representable sample. Another limitation of this study
is caused by the absence of correction for multiple testing, which we
deemed unsuitable for the exploratory nature of this study. At last, this
study did not look into resorption between MRI and what was seen intra
operatively, which prevents translating the conclusions of this study to
clinical practice.

Another issue to consider is the use of epidural corticosteroid in-
jections in 18% of the patients. Corticosteroids have been shown to in-
fluence inflammatory cells through inhibiting the M1 response and
stimulating an M2 related factors (Ehrchen et al., 2019). This could thus
have increased the number of M2 macrophages found in certain study
groups, thereby confounding the analysis. Nonetheless, when incorpo-
rating corticosteroid injections as a covariate in the regression analyses,
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it was not of any significance for the outcome and was hence removed
from the model.

5. Conclusion

Macrophages are abundantly present in herniating intervertebral disc
tissue and our results demonstrate that M1 and M2 type macrophages can
adequately be discerned by immunohistochemical staining. CD163 is the
most suitable marker to indicate M2 macrophages, and CD192 is most
appropriate to indicate M1 macrophages.

The abundant presence of M2 (CD163, CD209) macrophages in her-
niating intervertebral disc tissue, compromising the nerve, indicates the
predominance of an anti-inflammatory over a pro-inflammatory macro-
phage response, both in lumbar and cervical patients. The predominance
of the presence of macrophages in MC + patients suggests an association
with vertebral endplate pathology. In order to further explore the role of

Appendix A. Supplementary data

Brain and Spine 2 (2022) 101698

inflammation and MC in recovery of surgical patients with lumbar and
cervical radiculopathy, a large prospective trial with elaborate clinical
follow-up is required.
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Fig. 1. examples of immunohistochemistry staining

Fig. 1 displays examples of the different antibody results. 1A shows a HE slide with infiltrating

inflammatory cells in NP tissue. 1B shows positively stained NP cells with CD68. 1C shows infiltrating macrophages intracellularly stained with CD68. 1D reveals
intracellular staining of infiltrating T-cells with CD3. 1E shows intracellular staining of infiltrating neutrophils with CD15. 1F illustrates infiltrating macrophages of
which a large percentage is intracellularly stained with CD163. 1G displays infiltrating macrophages of which a few are Arg1 positive, ECM surrounding Argl positive
cells is also stained positively. 1H shows infiltrating macrophage intracellularly stained with CD209. 11 reveals infiltrating macrophages, some of which are stained
intracellularly with CD40. 1J illustrates infiltrating macrophages of which some are positive for iNOS. The surrounding ECM flared up with iNOS staining as well. 1K

displays infiltrating macrophages intracellularly stained with CD192..
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Fig. 2. Fig. 2A shows expression of immune cell markers for macrophages (CD68), T-cells (CD3) and neutrophils (CD15) for each of the 4 subgroups. Fig. 2B shows
expression of M1 (CD40, iNOS, CD192) and M2 (CD163, Argl, CD209) macrophage markers in the population with >10 CD68" cells per cm2. Values are expressed as
median number of positive cells per cm2, medians and individual data points are shown, error bars are IQR values. For the Y axis, a logarithmic scale was used..
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Relative expression of M1 and M2 markers as % of CD68+ cells
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Fig. 3. Fig. 3 shows relative expression of M1 (CD40, iNOS, CD192) and M2 (CD163, Argl, CD209) macrophage markers as a percentage of the CD68 positive cells.
Only samples with >10 CD68" cells per cm2 were included. Values are percentages of CD68" cells, medians and individual data points are shown, error bars are

IQR values..

Table 1
Baseline characteristics

Table 1 Cervical no MC Cervical MC Lumbar no MC Lumbar MC p-value
N 12 11 10 11

Age 52 57 53 50 0,587
% male 33% 64% 50% 45% 0,541
Duration of symptoms (months) 11.6 15.5 14.7 11.6 0,900
steroid treatment % 0% 36% 30% 10% 0,165

Table 1 illustrates baseline characteristics separately for cervical and lumbar samples and for patients with and without Modic Changes (MC). In de lumbar group, MRI

data was missing for one patient.

Table 2

overview of immune cell marker expression in total population

2A

Marker N median/cm2 IQR
CD68 45 50 431
CD3 45 <1 1
CD15 45 <1 24
2B

marker N median/cm2 IQR
CD163 32 70 231
Argl 32 0 7
CD209 32 159 706
CD40 32 3 23
iNOS 32 5 79
CD192 32 52 631

Table 2A displays the median number of positive cells per cm? for macrophages, T-
cells and neutrophils. Table 2B shows the expression of M1 (CD40, iNOS and
CD192) and M2 (CD163, CD3, CD15) markers in samples with >10CD68+ cells.
Sample size, median cells per cm? and their corresponding inter quartile ranges are

provided.
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Table 3
Results of linear regression

Brain and Spine 2 (2022) 101698

3A MC

Marker Beta P-value Beta P-value
CD68 0.311 0,046* 0,242 0097
CD3 0,29 0,065 0275 0,064
CD15 0,075 0639 0,237 0124
CD163 —0,091 0659 0,142 0465
Argl 0,143 0423 0,494 0006*
CD209 —0,009 0966 0,185 0333
CD40 0 0,554 0065 0.737
iNOS —0,205 0187 0,636 <0,001*
CD192 0.167 0.834 0,168 0378
3B MC

Marker Beta P-value Beta P-value
CD163% —0,252 0186 —-0,321 0077
Argl% 0,124 0495 0,348 0048*
CD209% 0,068 0744 0,025 0898
CD40% 0.014 0,948 —-0,03 0,877
iNOS% —0,324 0061 0,494 0004*
CD192% 0,019 0941 0,047 0855

Table 3A lists the result of linear regressions in which the absolute cell counts per cm? of each marker were used
as dependent variables. For CD68, CD3 and CD15 all samples were included in the analysis. For all M1 (CD40,
iNOS, CD192) and M2 (CD163, Argl, CD209) markers, only samples with >10 CD68™ cells/cm? were included.
In order to provide an overview of the relative distribution of M1 and M2 markers, table 3B displays the results of
a linear regression with M1 and M2 markers as a percentage of CD68™ cells. Only samples with >10 CD68™ cells/

sz

were included. In all regression analyses, location of herniation (cervical or lumbar) and MC were used as

independent predictors, and the type of hernia (bulging/extrusion/sequester) was taken into account as a co-
variate. For both MC and location of herniation, estimator p-values and standardized beta are provided, ‘no MC’
and ‘cervical samples’ were used as reference category.

Table 4

correlations between duration of symptoms and inflammatory markers

Absolute count Spearman's rho p-value
CD68 -0,143 0349
CD163 0,034 0852
Argl —-0,184 0313
CD209 0,252 0164
CD40 0,056 0761
iNOS -0,163 0374
CD192 —0,043 0817
CD3 —0,006 0969
CD15 -0,195 0,2
Relative count

CD163% 0,113 0536
Argl% -0,12 0,514
CD209% 0,331 0069
CD40% 0,169 0354
iNOS% —0,244 0178
CD192% 0,054 0767

Table 4 displays the correlation coefficients and p-values for the Spearman
correlation tests between the duration of symptoms and macrophage, T-
cell and neutrophil markers. Row 2-10 display the absolute cell counts
whereas row 12-17 display expression as a percentage of CD68 positive
cells. For all M1 and M2 markers, only samples with >10 CD68" cells/cm?

were included.
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