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Objective: To assess role of some inflammatory mediators in patients with primary and recurrent lumbar disc herniation.
Expression of IL-6, transforming growth factor (TGF)-1, insulin-like growth factor (IGF)-1, and Bcl-2-associated X protein (BAX)
have been shown to be more intense in the primary group than the recurrent goup, but this mediators may be important aspects
prognostic.

Methods: 19 patients underwent primary and revision operations between June 1, 2009 and June 1, 2014, and they were included
in this study. The 19 patients’ intervertebral disc specimens obtained from the primary procedures and reoperations were evaluated.
Expression of IL-6, TGF-1, IGF-1, and BAX were examined immunohistochemically in the 38 biopsy tissues obtained from the primary
and recurrent herniated intervertebral discs during the operation.

Results: For IL-6 expression in the intervertebral disc specimens, there was no difference between the groups. The
immunohistochemical study showed that the intervertebral disc specimens in the primary group were stained intensely by TGF-
1 compared with the recurrent group. Expression of IGF-1 in the primary group was found moderate. In contrast, in the recurrent
group of patients was mild expression of IGF-1. The primary group intervertebral disc specimens were stained moderately by BAX
compared with the recurrent group.

Conclusion: The results of our prognostic evaluation of patients in the recurrent group who were operated due to disc herniation
suggest that mediators may be important parameters.
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INTRODUCTION

Lumbar disc herniation (LDH) is the most frequent disor-
der of the lumbar spine, and it is treated surgically at times”.
However, in 15-30% of cases, discectomy-related complica-

tions occur, such as hemorrhage, soft-tissue infection, nerve
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root injury, dural tear, recurrent or residual disc herniation,
epidural scar formation, discitis, arachnoiditis, pseudo-
meningocele, facet joint fracture (iatrogenic or stress related),
spinal stenosis, and epidural hematoma™”. The total failure

6,17,28

rate after discectomy is 3-20%""*". Additionally, the recur-

rence rate at the same level regardless of ipsilateral or contra-
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lateral herniation has been reported to be 5-11%."""**". Re-
herniation has been suggested to be the most common cause
of lumbar disc reoperation""”. The risk of adverse outcomes
such as obesity, diabetes, vibration works, drivers, and psy-
chological factors, which increase the incidence of recur-
rence, should be considered before surgery'. Elevated levels
of molecular mediators of inflammation have been reported
in pathologic disc tissue, with their quantities increasing
with the extent of degeneration'®”. The aim of the present
study was to assess role of inflammatory mediators such as
IL-6, transforming growth factor (TGF)-1, insulin-like
growth factor (IGF)-1, and Bcl-2-associated X protein (BAX)
in patients with primary and recurrent lumbar disc hernia-

tion.

MATERIALS AND METHODS

The procedure adopted herein was approved by the Ethics
Committee of Abant Izzet Baysal University. Among 500 pa-
tients treated surgically for LDH in our department, 19 pa-
tients underwent primary and revision operations between
June 1, 2009 and June 1, 2014, and they were included in this
study. The 19 patients’ intervertebral disc specimens ob-
tained from the primary procedures and reoperations were
evaluated. Ten of the patients were men, and nine were wom-
en. Informed consent for specimen collection was obtained
from all patients. The levels involved were L4-5 (12 patients),
L5-S1 (6 patients), and 1.3—4 (1 patients). Disc herniation was
assessed by computed tomography (CT)/magnetic resonance
imaging (MRI) and confirmed using operative findings. Disc
materials were collected by both microsquestrectomy and
discectomy from disc space through annulus.Expression of
IL-6, TGF-1, IGF-1, and BAX were examined immunohisto-
chemically in the 38 biopsy tissues obtained from the prima-
ry and recurrent herniated intervertebral discs during the

operation and embedded in paraffin.

Immunohistochemistry

The tissues were fixed in Bouin’s solution and embedded
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in paraffin. Sections of 4-pm thickness were cut, dewaxed in
xylene, and incubated for 20 min in 0.3% H,O, to block en-
dogenous peroxidase activity. Then, the sections were pro-
cessed following the standard avidin-biotin peroxidase com-
plex procedure. Nonspecific binding was blocked with 3%
normal goat serum in a phosphate buffered saline (PBS) so-
lution pH7.4 for 30 min at room temperature. The slides were
then incubated overnight with primary antibodies at 4°C.
The following antibodies were used: polyclonal mouse anti-
IGF-1 (GeneTex Inc., Irvine, CA, USA, 1:100), polyclonal rab-
bit anti-IL-6 (GeneTex, 1:00), polyclonal rabbit anti-TGF-1
(GeneTex, 1:25), and monoclonal rabbit Bax (GeneTex, 1:250).
Rabbit and mouse immunoglobulins of the same dilutions as
primary antibodies were used as controls. Peroxidase activity
was revealed by incubation in 0.05% 3,3’diaminobenzidine
tetrahydrochloride in PBS containing 0.03% peroxide for 5
min at room temperature; the slides were then washed, dehy-
drated, and mounted with Entellan (Merck KGaA, Darm-
stadt, Germany). The experiments were reproduced in tripli-
cate, and the slides were examined under a Nikon E600 light
microscope by two experienced observers blinded to each
other and to the harvested tissues. The immunostaining in-
tensity was evaluated by considering the reactive cells or fi-
bers in 20 random fields per slide (lens: 20). The immunubhis-
tochemical expressions were evaluated in three categories:

mild (value=1), moderate (value=2), and intense (value=3).

Statistical analysis

SPSS 11.0 software (SPSS Inc., Chicago, IL, USA) for Win-
dows was used for statistical analyses. Data are expressed as
mean SD and analyzed for statistical significance using one-
way analysis of variance (ANOVA), followed by the post-hoc
Tukey test. Differences between the mean values were con-

sidered significant when p<0.05.

RESULTS

We included 19 patients to the study. The mean age of the
patients was 39.5 years (6.4 SD). The results of IL-6, TGF-1,
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IGF-1, and BAX expressions examined immunohistochemi-
cally using the biopsy tissues taken from the intervertebral
discs of patients of primary and recurrent lumbar disc herni-
ation are summarized in Table 1.

Clinical data of the patients before and after surgery sum-

Table 1. Expression of IL-6, TGF-1, IGF-1, and BAX examined
immunohistochemically using biopsy tissues taken from primary and
recurrent disc hernia patients.

Groups IL-6 TGF IGF-1 BAX
Primary (n=19) 19406  26+05%  19+07" 15405
Recurrent (n=19) 14+0.6 1.8+0.7 14+0.6 11+03

Values expressed as meanstandard deviation. *p<0.003 compared
with recurrent group. 'p<0.05 compared with recurrent group. 'p<0.05
compared with recurrent group. IL-6 : interleukin 6, TGF-1 : transforming
growth factor-1, IGF-1 : insulin-like growth factor-1, BAX : Bcl-2-
associated X protein

Table 2. Clinical data of the patients before and after surgery

Before surgery (n)  After surgery (n)
Back pain 19 0
Leg pain 19 0
Leg numbness 19 1
motor lost 3 1
Reflex loss 8 2
Sexual dysfunction 1 1
Urinary incontinence 1 1

(A)

marized in Table 2.

IL-6 expression in the intervertebral disc specimens of the
primary group was stained moderately (Fig. 1A). IL-6 ex-
pression in the intervertebral disc specimens was mild in the
recurrent group when compared with that in primary group.
However, there was no difference between the groups (Fig.
1B).

The immunohistochemical study showed that the inter-
vertebral disc specimens in the primary group were stained
intensely by TGF-1 compared with the recurrent group
(p<0.003) (Fig. 2A, B).

Fig. 3A shows moderate expression of IGF-1 in the primary
group. In contrast, Fig. 3B shows mild IGF-1 expression in
the intervertebral disc tissue from the recurrent group of pa-
tients (p<0.05).

The primary group intervertebral disc specimens were
stained moderately by BAX compared with the recurrent
group (p<0.05) (Fig. 4A, B).

DISCUSSION

Despite the development of modern and microsurgery
techniques and the reporting of successful results in lumbar

disc surgery, more than 10% of patients suffer from long-

(8

Fig. 1. Immunohistochemical staining of intervertebral disc for IL-6 expression. A : IL-6 expression in chondrocytes of the intervertebral disc was
moderate in the primary group (Immun-Peroxidase, original magnification 100). B : In the recurrent group, in chondrocytes of the intervertebral disc

were stained mild by IL-6 (Immuno-Peroxidase, original magnification 100).
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Fig. 2. Immunohistochemical staining of the intervertebral disc for TGF. A : The chondrocytes of the intervertebral disc in primary group were stained
intensely by TGF (Immun-Peroxidase, original magnification 100). B : In contrast, the chondrocytes of the intervertebral disc in the recurrent group were
stained moderate by TGF (Immuno-Peroxidase, original magnification 100). TGF : transforming growth factor.

Fig. 3. Immunohistochemical staining of the intervertebral disc for IGF-1 expression. A : An IGF-1 expression was moderate in the primary group
(Immuno-Peroxidase, original magnification 100). B : In the recurrent group, the chondrocytes in the intervertebral disc were stained mild by IGF-1
(Immun- Peroxidase, original magnification 100). IGF-1 : insulin-like growth factor-1.

term recurrent pain, which increases healthcare costs”. The
precise mechanism of recurrent lumbar disc herniation re-
mains unclear”. The causes and characteristics of reopera-
tions after different primary surgeries have been not speci-
fied in the population-based data.

In recent clinical studies, elevated levels of proinflamma-
tory cytokines (IFN-c, IL-1b, IL-2, IL-6, and TNF-a) corre-
lated with elevated pain scores in various types of neurologi-
cal and rheumatologic disorders™"*”. While IL-6 production

occurs in various cell types, Takada et al.” showed that mac-

rophages are the major cells in disc herniation—associated
pathology. IL-6 helps mediate the acutephase response to in-
jury, promote monocyte differentiation into macrophages,
and activate maturation of both B- and T-lineage lympho-
cytes. Burke et al.” found significantly higher levels of IL-6
and IL-8 in discs from low back-pain patients compared
those in to discs from sciatica patients, independent of the
presence of an intact anulus fibrosus or nuclear extrusions.
TGF-P1 is known to be involved the repair process of con-

nective tissue and to induce the formation of inflammatory
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Fig. 4. Immunohistochemical staining of the intervertebral disc for BAX. A : The chondrocytes of the intervertebral disc in primary group were stained
moderately by BAX (Immun-Peroxidase, original magnification 100). B : In contrast, the chondrocytes of the intervertebral disc in the recurrent group
were stained mild by BAX (Immuno-Peroxidase, original magnification 100). BAX : Bcl-2-associated X protein.

and granulation tissues”. The role of TGF-B 1 in repair is di-
rected toward several cell types such as fibroblasts, mono-

cytes, and endothelial cells”

. TGF-P 1 improves the synthesis
of collagens and fibronectin, and the arrangement of the ex-
tracellular matrix™. Moreover, TGF-P 1 is a chemoattractant
for fibroblasts and monocytes and may hence induce the
movement of cells to repair-needing areas™. Additionally,
the use of TGF-B on hernia disc cells causes an anabolic re-
sponse, characterized by increased proteoglycan synthesis
and decreased tissue resorption via decreased MMP-2 secre-
tion®*”. In addition, a transient proliferative effect was ob-
served on cultivated disc cells”.

IGF-1 increases proteoglycan synthesis in the nucleus
pulposus and stimulates the growth of bone and cartilage;
then, the increased IGF-1 expression works toward repairing
the extruded disc material’*?”. IGF-1 is produced predomi-
nantly in the liver in response to the action of growth hor-
mone and is transferred into the serum, which is a key ana-
bolic factor in the growth and differentiation of normal
cartilage tissue™". In a previous study, local release of IGF-1
was detected in the intervertebral disc: the expression of IGF-
1 mRNA and IGF-1-receptor in disc tissue was greater in cells
of the nucleus pulposus of fetal bovine intervertebral discs
than in those of the adult disc”. Jennische et al.'” suggest

that the production of IGF-1 during tissue repair in adult
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herniated intervertebral discs might represent an attempt to
repair the matrix.

BAX (Bcl-2-associated X protein) is required for the release
of cytochrome ¢, a critical factor in the initiation of cell death
pathways derived from the mitochondrion'****". It has been
suggested that the downregulation of key apoptosis-regulat-
ing proteins such as Bcl-2 promotes mitochondrial mem-
brane permeability, which subsequently leads to activation of
the intrinsic caspase-dependent pathway via caspase-9 and,
finally, caspase-3/7-mediated apoptosis™*'”. In addition,
studies have demonstrated that the down regulation of colla-
gen type II is closely related to a substantial reduction in the
level of Bcl-2 protein'.

We shall discuss the reasons why inflammatory cytokines
in second intervention were not as high as in those first sur-
gical procedure. The initial pathological process of disc her-
nia is associated with greater burden of inflammation.
Symptoms of the patients with hernia recurrence was mostly
a consequence of anatomical changes (e.g. discontinuation of
posterior ligament structure) rather than inflammation.

In this study, for the first time, some mediators in the same
patient group with primary and recurrent hernia were inves-
tigated. Tissue levels of mediators were found to be decreased
in the relapse. Decrease in TGF-1, IGF, and Bax levels were

statistically significant. The presence of higher levels of me-



diators in the primary group shows that there is greater ac-
tivity in these patients. Additionally, the mediators investi-
gated in the present study are considered to be effective at
lower activity levels in cases of recurrence in correlation with
an inflammatory process than in patients in the primary
group. The results of our prognostic evaluation of patients in
the recurrent group who were operated due to disc hernia-

tion suggest that mediators may be important parameters.
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