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ABSTRACT

AIM: To elucidate the role of the TIR-domain-containing adaptor-inducing interferon-B (TRIF) dependent pathway in intervertebral
disc degeneration (VD).

MATERIAL and METHODS: A total of adult male patients with low back pain (LBP) (+/- radicular pain) were further evaluated by
magnetic resonance imaging (MRI) with surgical indication for microscopic lumbar disc herniation (LDH). Preoperatively, patients
were classified according to Modic Changes (MC), nonsteroidal anti-inflammatory drugs (NSAIDs) use, and the presence of radicular
pain in addition to the LBP.

RESULTS: The age of the 88 patients ranged from 19 to 75 years (mean: 47.3 + 19.6 years). Twenty eight of the patients were
evaluated as MC | (31.8%), 40 as MC Il (45.4%), and 20 as MC Il (22.7%). The majority of patients (81.8%) had radicular LBP, while
16 patients (18.1%) had only LBP. Predominantly, 55.6% of all patients were taking NSAIDs. Levels of all adaptor molecules were
highest in the MC | group and lowest in the MC Ill group. The levels of IRF3, TICAM1, TICAM2, NF-kB p65, TRAF6, and TLR4 were
significantly increased in the MC | group compared to the MC Il and MC Il groups. The variations of the individual adaptor molecules
showed no statistically significant difference in the use of NSAIDs and radicular LBP.

CONCLUSION: As a result of the impact assessment, the current study clearly demonstrated for the first time that the TRIF-
dependent signalling pathway plays a crucial role in the degeneration process in human lumbar intervertebral disc specimens.

KEYWORDS: Degeneration, Intervertebral disc, Modic change, TICAM-1, TRIF

ABBREVIATIONS: CD4: Cluster of differentiation 4, ELISA: Enzyme-linked immunosorbent Assay, hsCRP: High sensitivity
C-reactive protein, IRF: Interferon regulatory factors, IVD: Intervertebral disc, IL 1B: Interleukin 1B, LBP: Lower back pain, LPS:
Lipopolysaccharide, LDH: Lumbar disc herniation, MRI: Magnetic resonance imaging, MAPK: Mitogen-activated protein kinases,
MC: Modic change, MyD88: Myeloid differentiation primary response 88, NSAIDs: Non-steroid anti-inflammatory drugs, NF-kB:
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interacting serine/threonine-protein 1, TIR: Toll/IL-1 receptor, TLR4: Toll-like receptor, TRIF: TIR-domain-containing adaptor-
inducing interferon-f3, TICAM1: TIR domain-containing adaptor molecule 1, TICAM2: TIR domain-containing adaptor molecule 2,
TBK1: TANK-binding kinase 1, TRAF 6: TNF Receptor Associated Factor 6, TNFa: Tumor necrosis factor a
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B INTRODUCTION

ccording to the Global Burden of Disease study, chron-
Aic low back pain (LBP) is the leading cause of disability

worldwide (10,27). Conservative treatments have so far
only aimed at relieving symptoms rather than preventing or
inhibiting intervertebral disc degeneration (IVD) (9). Toll-like re-
ceptor (TLR) agonists can generally activate two downstream
signaling pathways: myeloid differentiation primary response
88 (MyD88)-dependent and MyD88-independent (in other
words TIR-domain-containing adaptor-inducing interferon-8
(TRIF)-dependent) signaling pathways (29). In contrast to the
MyD88-dependent pathway, the TRIF-dependent pathway,
which is specific to the TLR3 and TLR4 signaling pathways,
activates interferon regulatory factor 3 (IRF-3) and leads to the
production of interferon (IFN) beta (3,8).

This study aimed to investigate whether TLR4 expression
existed in human IVD nucleus pulposus (NP) cells, and if so,
whether its signaling was TRIF-dependent in other words
human TIR domain-containing adaptor molecule 1 (TI-
CAM-1)-dependent signaling pathway in a study on human
intervertebral disc specimens. To our knowledge, this is the
first human study to investigate whether the TRIF-dependent
TLR4 signaling pathway could be a primary target for inacti-
vating IVD degeneration. The TICAM-1/TRIF-dependent TLR4
signaling pathway, which is thought to be involved in degen-
erative disc disease, was investigated, and an attempt was
made to associate with Modic change (MC).

B MATERIAL and METHODS

This retrospective study (January 2018 to April 2020)
was conducted at the Department of Neurosurgery and
Physiology, Istanbul University-Cerrahpasa, Cerrahpasa
Faculty of Medicine. Eighty-eight adult male patients who
presented to our clinic with LBP and sciatica, were evaluated
by magnetic resonance imaging (MRI) to detect degenerative
changes. These patients were operated on in the presence of
a surgical indication for microscopic lumbar disc herniation
(LDH). The presence of neurological deficits and bladder,
bowel, or erectile dysfunction was considered in the decision
to operate. Patients admitted with LBP alone, only underwent
surgery if the pain was unbearable despite medical treatment
and physiotherapy. In all 88 patients, the procedures were
performed through microsurgery by the same surgeon. Female
patients were excluded from our study because of hormonal
stress, which could cause possible differences in the immune
response. In addition, patients with a history of previous LDH
surgery, chronic systemic diseases, acute infectious process
and endocrinological diseases were excluded. Also, patients
who received preoperative steroid injections were excluded
from the study.

Based on the MRI findings of the lumbar spine, patients were
divided into three groups according to Modic Change (MC). The
widespread use of nonsteroidal inflammatory drugs (NSAIDs)
in the treatment of LBP worldwide has sparked scientific
interest in their use to prevent/delay the degenerative process.
We also wanted to know whether the presence of radicular
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pain was indicative of severe degeneration. Therefore, patients
were also classified according to the use of NSAIDs and the
presence of radicular LBP. The disc material was assessed
from three different points of view: according to MC (I, Il, and
I1), according to the use of NSAIDs (yes or no), and according
to the radicular pain accompanying the LBP (yes or no).

The disc material was obtained intraoperatively from patients
who had undergone LDH surgery. These materials were stored
without delay in freezers at —80°C and transferred to nitrogen
tanks at —196°C. Subsequently, the concentrations of the col-
lected materials were analyzed using an enzyme-linked immu-
nosorbent assay (ELISA) kit according to the manufacturer’s
instructions at Cytokines and Receptors Research Laborato-
ry, Department of Physiology, Istanbul University-Cerrahpasa.
The materials were removed from the freezers, slowly thawed,
and centrifuged at 6,000 g for 2 min. Then, 350 pL of the su-
pernatant was diluted 1:1 with a sample diluent. After the ad-
dition of 150 pL of the standard diluent, a serial dilution of
150 pL was performed from the standard tube. The sample
was pipetted after each step to ensure even distribution. The
30-fold wash solution was diluted onefold with distilled water,
and this solution was used for the washing steps. All materials
were then subjected to the immunoassay protocol. The Mul-
tiskanTM GO microplate spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA) was used to measure the opti-
cal density at 450 nm.

Ethical Statement

The study was approved by the Institutional Review Board
of Istanbul University-Cerrahpasa (Approval no. 13/04/2017-
142246). Before surgery, all patients gave written informed
consent for participation in the study and publication. The
privacy rights of the patients were respected at all times.

Statistical Analysis

As patients were divided into two cohorts according to
the use of NSAIDs and the presence of radicular pain in
addition to LBP, statistical analyzes were performed using
the independent t-test in groups with normal distribution
and homogeneous variance. Groups with non-homogeneous
variance were compared using the Mann-Whitney U-test.
Owing to the division into three groups according to the types
of MC, the statistical analyzes were carried out with the one-
way analysis of variance (ANOVA) test. Since ANOVA statistics
do not provide reliable results at different variances, data
were evaluated using the ROBUST test (Welch and Brown
Forsythe). Post hoc tests were used to show which groups
have differences. Tukey, HSD, Scheffe, and Bonferroni tests
were used when variances were homogeneous, whereas
Tamhane, Dunnett T3, Dunnett C, and Games-Howell tests
when variances were not homogeneous. A difference was
accepted as statistically significant if a two-sided p-value was
<0.05 for the group comparison (p<0.05).

B RESULTS

The patients were 88 men with a mean age of 47.3 + 19.6
(range, 19-75) years at the onset of the first symptoms. The
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duration of symptoms varied. If patients had a neurological
deficit on admission, surgery was performed as soon as
possible. In other cases, patients underwent surgery for
persistent pain despite medical and physiotherapy treatment.
The patients were divided into three groups based on MRI
findings according to MC: 28 (31.8%) patients were classified
as MC |, 40 (45.4%) as MC Il, and 20 as MC Il (22.7%).

Regardless of the MC classification, all patients underwent
neurological examination, and two groups were formed
according to their complaints: 16 (18.1%) patients had
LBP alone, whereas 72 (81.8%) patients had radicular LBP.
Patients were also classified according to preoperative NSAID
use. Accordingly, 49 (55.6%) patients were taking NSAIDs,
whereas 39 (44%) were not taking any medication.

The statistical relationship between the adaptor molecules
induced by the TRIF-dependent pathway and the MC types
is shown in (Figure 1). The difference between groups for
CD4 in the homogeneous variance group was not statistically
significant (p=0.092). The difference between MC | and
MC 1l for IRF-3 was statistically significant (p<0.05). The
difference between MC | and MC IlI, also MC | and MC Il
was statistically significant for TICAM2 (p<0.01). In the group
whose variances are not homogeneous; for NF-kB p65,
TLR4, TRAFG6 statistically significant difference was observed
among three groups. For NF-kB p65, a statistically significant
difference (p<0.001) was observed between MC | and MC I,

also MC | and MC llI. There was also a statistically significant
difference between MC | and MC Il (p<0.05). Likewise for
TRAFB, there was statistically significant difference (p<0.01)
(p<0.001) respectivly between MC | and MC Il, also MC | and
MC lIl. As well as, the difference between MC Il and MC llI
was statistically significant (p<0.001). The difference between
MC | and MC Il, also MC | and MC Il for TLR4 was statistically
significant (p<0.001). Also statistically significant difference
was noticed between MC Il and MC Il (p<0.01). A statistically
significant difference for TICAM1 was found between MC |
and MC Il (p<0.05). Finally, for TBK1, there was statistically no
significance among three groups. Detailed p values for other
adapter molecules are shown one by one in (Figure 1).

When patients were evaluated according to their NSAID use,
the variances for each adaptor molecule were evaluated, and
none of them showed a statistically significant difference
(p>0.05) (Figure 2). When the patients were evaluated after
their neurological examination, two groups were also formed
(LBP alone and radicular LBP), and no statistically significant
difference was found between these groups for any of the
adaptor molecules (p>0.05) (Figure 3).

B DISCUSSION

Although LBP is a worldwide problem, still no definitive
treatment method has been established to prevent lumbar
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Figure 1: Statistical analysis of adapter molecules in TRIF depenent pathway according to Modic change types. TLR4: MCl was
statistically different from both MCIl and MCIII at p<0.001(***) significance level. Also MCIl was statistically different from MCIII at
p<0.001(**) significance level. CD4: No statistically significant difference was found between groups (p>0.05), while the values gradually
decreased from MCI to MCIIl. TRAF6: MCI was statistically different from both MCII and MCIII at p<0.01(**), p<0.001(***) significance
level respectively. TBK1: There was no statistically significant difference between the groups (p>0.05). NF-kB p65: MC | was different
from both MC Il and MC Il which was statistically significant p<0.001(***). Also MCII was statistically different from MCIII at p<0.05(*)
significance level. IRF-3: MCI was statistically different from MCIIl at p<0.05(*) significance level. No statistically significant difference
was found between MCI and MCII, as well as MCIl and MCIII (p>0.05). TICAM-1: Statistically significant difference was found between
MC | and MC Ill (p<0.05). No statistically significant difference was found between MCI and MCII, as well as MCII and MCIII (p>0.05).
TICAM-2: MCI was statistically different from both MCII and MCIII at p<0.01(**) significance level. No statistically significant difference
was found between MCII and MCIII (p>0.05).
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Figure 2: When the patients were evaluated according to whether they used NSAIDs or not, variances for each adapter molecules
which take a part in TRIF dependent pathway were evaluated and statistically significant difference was not found between the groups

(p>0.05).

300
250
200
150
100

50

TRAF6

TBK1

CD4

0 — —
TLR4

HBP mLBP and radicular pain

NF-kB p65 IRF3 TICAM1 TICAM2

Figure 3: When the patients were evaluated in terms of their neurological examination (back pain and accompanying radicular pain),
statistically significant difference was not found between the groups (p>0.05).

degeneration. Thus far, in vitro studies have confirmed the
expression of the TLR4 gene in IVD NP cells. According to
these studies, TLR4 plays a significant role in the molecular
mechanism of IVD degeneration (20,21). TLR4 can affect
signaling in two ways via both the MyD88-dependent
and TRIF-dependent pathways, whereas TLR3 can only
act through TRIF (1). Qin et al. demonstrated the MyD88-
dependent nature of the signaling transduction pathway that
activates the TLR4 in NP cells in IVD (20). However, whether
the TRIF-dependent pathway induces TLR4 activation in NP
cells in IVD remains unknown.

Studies to date have confirmed that the TLR4 gene is
expressed in IVD NP cells and plays an important role in the
molecular mechanism of IVD (21). Recent results regarding
the activity of the TRIF-dependent TLR4 signaling pathway
have not been reported. In the present study, the effect of
TLR4 on degeneration in the TRIF-dependent pathway was
investigated in materials obtained from human degenerated
disc tissues.

Modic et al. reported that MC | generally progressed to MC
Il over time, but it can also return to normal (15). The results
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of a cohort study of 40-year-old Danish men and women
showed that MC | was more common than MC |l, whereas a
Finnish cohort study by Kuisma et al. who analyzed male train
engineers and a control group of local people confirmed the
predominance of MC Il changes (12,14). Similarly, we found
a 45.4% MC Il predominance in our study group of 88 male
patients.

Although most of the previous studies have found a closer
association between LBP and MC | (2,14,16,17,24), others
have not found an association between MC and LBP (5,13).
Although the pathobiology behind MC-related pain is
unknown, it may occur following an increase in the protein gene
product-9.5 (PGP-9.5) nerve fiber count and the appearance
of tumor necrosis factor-a-positive cells in damaged vertebral
endplates adjacent to MC sites (6,17). Dudli et al. found no
significant difference in pain between MC | and MC Il (4).
The correlation between MC and accompanying LPB, which
has been shown in various publications, was not found in
our study. When the protein levels in the TRIF-dependent
pathway were compared with the patient’s admission clinic
(LBP alone or accompanying radicular pain), no statistically
significant difference was found (p>0.05). These results clarify
that radicular pain develops secondary to the pressure of the
disc herniation to the root and the resulting edema rather than
degeneration.

In the present study, when patients were evaluated according
to NSAID use, no statistically significant difference was found
between the drugs and protein levels in the TLR4/TRIF-
dependent pathway (p>0.05). Although NSAIDs is widely used
for patients with LBP, our results clearly showed that they only
alleviate symptoms and cannot prevent degeneration.

As a result of the examination of the disc materials by the
ELISA method, which were taken from patients classified in
three groups according to Modic degeneration, data obtained
for TLR4 were statistically significantly higher in the stage with
the highest inflammation, i.e., MC I, than in MC Il and Ill stages
(p<0.001).

Considering the importance of TLR4 in the inflammatory
process, our results showed that inflammation peaks in MC
I. Assuming that MC | represent an acute inflammatory stage,
the finding that TLR4 values are the highest in MC | (different
from both MC Il and MC lll at the statistical significance level
of p<0.001) proves the undeniable contribution of TLR4 in IVD.
Likewise, the finding that TLR4 values in MC Il were different
from those in MC Il (at p<0.001 significance level) supports
the hypothesis that the inflammatory process continues in
some cases with MC II.

Although the MyD88- and TRIF-dependent pathways use
different adapter molecules, both pathways involve activation
and nuclear translocation of NF-kB, leading to the expression
of multiple proinflammatory cytokines (26). Interestingly, Dudli
et al. found that NF-kB, a proinflammatory mediator, was
downregulated in MC Il (4). In our study, the proinflammatory
mediator NF-kB p65 was increased (p<0.001) in MC | compared
with the other two groups. This suggests that inflammation
is significantly severe in MC I. The finding that the values of
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this adapter molecule are the lowest in MC lll, that is, in the
sclerosis stage, indicates that the inflammation has ended in
this group. The variable results of studies suggest that there
may be pathobiological subphenotypes in every MC type that
cannot be evaluated using standard T1- and T2-weighted
MRI. These results suggest that the TRIF-dependent TLR4
signaling pathway is a target pathway in IVD.

TICAM-1 induces the activations of NF-kB and IRF-3.
TICAM-1 triggers the robust activation of the IFN-B, whereas
the activation via MyD88 is negligible. Mutations of TRAF6-
binding motifs in TICAM-1 N+ TIR give rise to complete
abrogation induction of IFN-B. These mutations also reduce
the activation of transcription factors that are critical for IFN-3
expression, primarily including IRF-3 and NF-kB (22). TRAF6
is indispensable in LPS-mediated IP-10 induction and NF-
kB activation (11). In the TRIF-dependent pathway, TRAF6
uptakes the receptor-interacting serine/threonine protein
1 molecule that interacts with TAK1, causing the release
of NF-kB and inflammatory cytokines. TRAF6 mediates
NF-kB activation via TLR4 by interacting with TICAM-1.
Recently, Sato et al. reported that TRAF6 binds to TICAM-1
and plays an important role in NF-kB activation in the TRIF-
dependent pathway (23). Sasai et al. also showed that the
polyubiquitination of TICAM-1 by TRAF-6 is essential for the
TRIF-dependent pathway, and through TRAF6, the induction
of IRF-3 and NF-kB activation by TICAM-1 is possible (22).
Contrary to other studies, we revealed statistically significant
differences between MC types in terms of TRAF6 (4). Our
results indicated a significant positive correlation between MC
| and TRAF6. In MC |, TRAF6 was higher than that in MC Il
(p<0.001) and more than that in MC Il (p<0.01). Considering
that TRAF6 induces the release of inflammatory cytokines,
as shown in the literature, inflammation is most common at
MC |, and inflammation is least observed at MC IIl. On the
contrary, IRF3 is one of the major efectors of TLR4/TICAM1-
dependent signaling pathway. Recent studies have shown
that IRF3 activation upregulates the expression of IFNs and
several inflammatory genes (18,28). Likewise, IRF-3 was
statistically significant in MC | compared with MC IlI (p<0.05).
Thus, we suggest that the present study has revealed the
incontrovertible role of TRAF6 and IRF3 in the degeneration
process through the TRIF-dependent pathway.

TICAM-1 strongly bound TLR3; however, a direct association
was not recognized between TICAM-1 and TLR4. Oshiumi et
al. found and named this new adapter molecule TIR-containing
adapter molecule-2 (TICAM-2), in other words TRAM, which
physically connects TLR4 and TICAM-1 and functionally
transmits the LPS-TLR4 signal to TICAM-1, eventually
activating IRF-3. This study reported that TLR4 could only
interact with TICAM-1 in the presence of TICAM-2 (19).
Significantly increased TICAM-1-mediated IFN-B activation
was observed in the existence of a perpetual volume of
TICAM-2 expressions. The presence of TICAM-2 also brought
about IRF-3 phosphorylation induced by TICAM-1 transfection
(19). Although TICAM-1-dependent NF-kB activation is weak
compared with that by MyD88, both MyD88 and TRIF mediate
NF-kB and IRF-3 activations (25). In our study, the values of
TICAM-1 were the highest in MC |, and statistically significant



differences were found between MC | and MC IIl. These
results corroborate our hypothesis and clearly show that when
activated, the TICAM-1-dependent signaling pathway led to
the release of inflammatory factors that participated in IVD.

Although recent studies have confirmed TICAM-2 as a bridg-
ing adapter, just as Mal/TIRAP, functions other than bridging
should be further explored (7,19). The ability of TICAM-2 to
activate NK-kB and IFN-f3 promoters is very limited. Although
recent data revealed just the bridging ability of TICAM-2, our
study demonstrated that TICAM-2 can do much more. In our
study, levels of TICAM-2 expression were statistically signifi-
cantly different between MC | and MC II-lIl. Accordingly, TI-
CAM-2 not only acts as a bridge between TLR-4 and TICAM-1
but also contributes significantly to the inflammation process
as much as TICAM-1. The major limitation of the current study
was that this pathway was evaluated only in the small sub-
group of patients with IVD who underwent discectomy.

B CONCLUSION

As a result of our impact assessment, this study can provide
direct evidence for the hypothesis that the TRIF-dependent
TLR4 signaling pathway plays an important role in IVD.
Treatments that prevent the activation of adaptor molecules
that have been shown to contribute to degeneration along
this pathway could represent a breakthrough in the treatment
of IVD. If the activation of these adaptor molecules can be
prevented with new pharmacological agents, we can at
least slow down the process and treat intractable LBP.
Consequently, this study may provide a theoretical basis
for exploring molecular mechanisms that will lead to the
identification of new therapeutic targets and approaches.
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