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Cytokines and growth factors
in the protruded intervertebral disc

of the lumbar spine

Abstract Nerve root irritation in-
duced by factors produced by the in-
tervertebral disc may play acrucial
role in the pathophysiology of sciatic
pain production. In this study we
used immunohistochemistry to inves-
tigate the presence of transforming
growth factor-B1 (TGF-B1), insulin-
like growth factor-1 (IGF-1), inter-
leukin-6 (IL-6), |L-6-receptor
(IL-6R) and fibronectin in lumbar
disc bioptic specimens from 30 pa-
tients with disc herniation (protru-
sion type). Chondrocytes of herni-
ated discs stained positive for
TGF-B1, IGF-1, IL-6 and fibro-
nectin. We demonstrated for the first

chondrocytes of herniated tissue.
Specimens from autoptic healthy tis-
sue were used as controls. In these
sections no immunoreaction for
TGF-B1, IL-6, or IL-6R was found,
while they expressed |GF-1 and
fibronectin, but in lower quantities
than herniated discs. These results
demonstrated the production of fac-
tors such as TGF-B1, IGF-1, IL-6,
IL-6R and fibronectin at the site of
lumbar disc herniation.
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Introduction

The pathogenetic mechanism of low back pain and nerve
root damage in lumbar disc herniation is the subject of on-
going debate. In particular, given that the mechanical-
ischaemic hypothesis alone cannot explain the cause-ef-
fect relationship between disc degeneration and neurolog-
ical impairment, a biochemical mechanism is likely to be
involved. It has recently been demonstrated that the autol-
ogous nucleus pulposus can induce histological and func-
tional changes in spinal nerve roots when applied epidu-
raly [17]. Cells of the nucleus pulposus can produce
prostaglandin E2, interleukin-1 and interleukin-6 (IL-6)
[31], phospholipase A2 [26], and growth factors like fi-
broblast-like growth factor (FGF) [32] and insulin-like
growth factor-1 (IGF-1) [18]. These factors are known to
control cell metabolism and to promote inflammatory
processes. Moreover, recent studies suggest a critical role

time the presence of IL-6-R in the

Interleukin-6

for IL-6 and its receptor in the modulation of pain [8]. The
mechanisms of action underlying the possible effect of
these factors on spinal nerve root structure and function
are, however, dill unknown. In addition, the fact that
nerve roots differ from peripheral nerves in their anatom-
ical, biomechanical, and physiological properties prevents
extrapolation from the extensive literature and the numer-
ous experimental models of peripheral nerve compression
to the pathophysiology of root injury [5, 23, 25]. The
working hypothesis of the present study is that transform-
ing growth factor-B1 (TGF-p1), IGF-1, IL-6 and IL-6-re-
ceptor (IL-6R) can be produced at the site of herniation.
This hypothesis was immunohistochemically explored by
analysing normal and protruded intervertebral disc tissue
for these factors.
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Materials and methods
Patients and specimens

Intervertebral disc specimens, including the nucleus pul posus with
the anulus fibrosus, were obtained from 30 patients undergoing
herniectomy and discectomy at the Orthopaedic Department of the
Ancona Medical School between April 1998 and February 1999.
Patients were 19 men and 11 women, with a mean age of
40.7 years (£6.3 SD). Informed consent to specimen collection
was obtained from all patients. Symptom duration before surgery
(sciatic pain) was longer then 1 year in all the patients. The levels
involved were L4-5 (15 patients), L5-S1 (12 patients), L2-3 (1 pa-
tient), and L3-4 (2 patients). Disc herniation was assessed by com-
puted tomography (CT) and/or magnetic resonance imaging
(MRI), and confirmed by operative findings. Only protruded inter-
vertebral discs bulging into the spinal canal without a breach of the
posterior longitudinal ligament were studied. Autoptic L4-5 disc
tissue from seven age-matched (mean age 42.2+5.9 SD) subjects
with no history of back pain was collected and used as control. The
time interval between death and disc harvesting was less then 24 h.
All specimens were en-bloc embedded in paraffin, longitudinally
and transversally cut into 5-pum-thick serial sections, and stained
with haematoxylin-eosin-alcian blue.

Immunohistochemistry

Sections were processed by the standard avidin-biotin peroxidase
complex procedure (Vectastain Elite kit, Vector, Calif, USA).
Non-specific binding was blocked with 3% normal goat serumin a
phosphate-buffered saline solution pH7.4 (PBS) for 30 min at
room temperature. The slides were then incubated with primary
antibodies overnight at 4°C. The following antibodies were used:
monoclonal anti-TGF-B1 (1:50), polyclona anti-IGF-1 (1:50)
(both from Chemicon, Calif, USA), polyclonal anti-IL-6 (Endogen
Inc, Boston, USA) (1:50), monoclonal anti-IL-6R (1:50) (Chemi-
con), polyclonal anti-fibronectin (1:600) (Sigma, Italy) and mono-
clonal anti-a-smooth muscle actin (Novocastra Laboratories, UK)
(1:100). Rabbit and mouse immunoglobulins at the same dilutions
as the primary antibodies were used as controls. Peroxidase activ-
ity was revealed by incubation with 0.05% 3,3’ diaminobenzidine
tetrahydrochloride (Sigma) in PBS containing 0.03% peroxide for
5 min at room temperature; slides were then washed, dehydrated
and mounted with Eukitt (O.Kindler GmbH & Co., Germany). Ex-
periments were reproduced in triplicate and slides were examined
under a Zeiss Axiophot (Germany) light microscope by two expe-
rienced observers blinded to each other and to the harvested tissue.
The intensity of the immunostaining was evaluated by considering
reactive cells or fibres in 20 random fields per slide (lens: 20x).
Staining intensity was evaluated on a grey scale ranging from 0
(white) to 255 (black), considering values less than 30 as back-
ground. Images from immunostained sections were captured using
aSony XC77 CCD camera connected to Macintosh |1vX computer
(Apple Computer, Cupertino, Calif, USA) by means of a Scion
LG3 frame grabber (Scion Corporation, Frederick, Mass, USA);
data were analysed using one-way analysis of variance (ANOVA).

Results

All the herniated tissue samples stained positive for alcian
blue, which reveals the presence of a cartilaginous matrix
rich in proteoglycans. In the nucleus pulposus, chondro-
cytes were surrounded by a strongly alcian blue-positive
pericellular matrix, whereas staining was weaker in the

Fig.1 Chondrocyte crowding in herniated intervertebral disc tis-
sue (haematoxylin-eosin-alcian blue, x400)

Fig.2 Immunoreactivity for a-smooth-muscle actin in vessels of
herniated disc (bar = 50 pm, x200)

anulus fibrosus. In many areas, a crowding of 5-20 chon-
drocytes (chondrocyte “cloning”) was observed (Fig.1).
Cells were scattered irregularly through the collagen fi-
bres, which exhibited the characteristic fish-bone arrange-
ment [30]. In one case a fragment of the cartilaginous
endplate was observed in contact with the outer anulus fi-
brosus.

Herniated disc tissues from 24 patients showed the
presence of granulation tissue, preferentialy localized at
the edges of the herniated tissue. This newly formed tis-
sue appeared rich in small, spindle-shaped fibroblasts and
in vessels, its presence being revealed by a-smooth mus-
cle actin immunoreactivity (Fig.2). TGF-B1 was ex-
pressed in herniated discs, particularly in chondrocytes
(Fig.3A), in endothelial cells and in the granulation tissue
of the surrounding matrix (Fig. 3B).

IGF-1 was present in chondrocytes of both normal and
pathological tissue, with a stronger labelling in the latter
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Fig.3 Transforming growth factor-B1- (TGF-B1)- immunoreac-
tivity in A chondrocytes and in the extracellular matrix of herni-
ated tissue (x630), and B endothelial cells of neoangiogenetic ar-
eas (bar = 50 pum, x200)

Fig.4 Insulin-like growth factor-1 (IGF-1) in herniated disc: the
labelling was localised in chondrocytes exhibiting an intracellular
expression pattern (x630)

Fig.5A,B Interleukin-6 (IL-6) immunoreactivity in chondrocytes
of herniated tissue. The labelling was observed in A sporadically
distributed cells (x1000) and B in cells forming clusters (x1000)

(Fig.4), while no immunoreactivity was found in the
granulation tissue. IL-6 and IL-6R immunoreactivity was
detected in the cytoplasm of chondrocytes of the pro-
truded intervertebral discs (Fig.5, Fig.6). Fibronectin im-
munoreactivity was stronger in the herniated tissue than
in normal tissue, and was observed in the chondrocytes
(Fig.7) and in the granulation tissue areas.

Sections from autoptic disc tissue stained with haema-
toxylin-eosin and a-smooth muscle actin antibody re-
veded no edge vascularization. In the normal interverte-
bral disc, chondrocytes did not show any specific im-
munoreaction for TGF-B1, IL-6 and IL-6R (Fig. 8), while
they expressed low quantities of IGF-1 and fibronectin.
Differences detected between herniated and normal tissues
were statistically highly significant (P<0.001) (Table 1).

No staining was observed with mouse and rabbit im-
munoglobulins used as controls (Fig. 9).
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Fig.6A,B IL-6-receptor (IL-6R) immunoreactivity in chondro-
cytes of herniated intervertebral disc. The reaction was localised in
the cytoplasm (x630)

Fig.7 Fibronectin immunoreactivity was localised in chondro-
cytes and in neoangiogenetic areas of the herniated disc (x400)

Fig.8 No immunostaining for IL-6R was observed in the control
tissues (bar = 50 pum, x200)

Table 1 Intensity of immunoreactivity in the herniated and nor-
mal disc tissues evaluated on a grey scale ranging from O (white)
to 255 (black), considering values less than 30 as background.
Data are presented as the mean £SD in 20 random fields per 37
slides, one for each patient (TGF-f transforming growth factor-3,
IGF-1 Insulin-like growth factor-1, IL-6 interleukin-6, IL-6R IL-6-
receptor)

Herniated Normal Statistical

disc tissue disc tissue significance
TGF-B 68.3+23.6 18.2+ 84 P<0.001
IGF-1 123.7+ 3.7 87.3+15.6 P<0.001
IL-6 72.9+17.7 19.5+15.3 P<0.001
IL-6R 52.7+10.3 12.4+ 3.2 P<0.001
Fibronectin 137.3+ 7.9 1115+ 56 P<0.001
Discussion

Mechanical nerve root compression has long been known
to be one important pathomechanism of sciatica[13], but
a recent report indicates that nucleus pulposus aso has
marked inflammatogenic properties and can induce nerve
root injury [17]. In an animal study, autologous nucleus
pulposus, applied without mechanical pressure to normal
cauda equina nerve roots in live healthy pigs, produced a
significant reduction in electrical conduction times; this
result was confirmed by histological findings consisting
of fibre atrophy, Schwann cell oedema and axonal vac-
uolisation [16]. The biochemical mechanisms underlying
nerve root damage remain, however, unknown. The pre-
sent study was undertaken to verify whether TGF-f31,
IGF-1, IL-6 and IL-6R are located in the protruded disc
tissue, and to clarify the possible inflammatory property
of the herniated intervertebral disc. Chitkara [3] demon-
strated that one of the determinants of edge neovasculari-
sation is the site of herniation: cervical discs rarely
showed evidence of new vessel formation. Our histologi-
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Fig.9A,B No immunostaining was observed with mouse and rab-
bit immunoglobulin (x400)

cal results showed the presence of granulation tissue with
an edge vascularisation of fibrocartilage fragments in
most of the lumbar herniated discs. Another factor deter-
mining the presence or the absence of granulation tissue
in degenerated discs is the duration of sciatic pain: the
longer the radiculopathy the higher the amount of granu-
lation tissue [3]. Our patients, indeed, suffered sciaticafor
more then 1 year.

Transforming growth factor-B1

Immunohistological analysis showed TGF-31 to be ex-
pressed in the granulation tissue of the herniated discs, es-
pecially in chondrocytes and in endothelial cells. TGF-B1
is known to interfere with the reparative process of con-
nective tissue and to be able to induce the formation of in-
flammatory and granulation tissues [12]. The actions of
TGF-B1inreparative processes are directed to several cell
types that are recruited during wound healing: fibroblasts,
monocytes and endothelial cells [12]. TGF-B1 enhances
the synthesis of collagens and fibronectin and the forma-
tion of the extracellular matrix in vivo [22]. TGF-B1 is

also a chemoattractant for fibroblasts and monocytes, and
may thus stimulate the migration of cells to the injured
area [20]. Its relationship to endothelial cells seems to be
contradictory, as it inhibits endothelial cell proliferation
[7] and migration [2] in vitro, but it has been reported to
stimulate microvessel formation in vivo [21]. During the
formation of new capillaries, endothelial cells degrade the
basal membrane and migrate in the surrounding stroma,
forming the tubular arrays characteristic of microvessels
[12]. We can hypothesise that in the herniated disc
TGF-B1 is produced in response to a tissue damage lead-
ing to the formation of granulation tissue.

Insulin-like growth factor-1

We found that the expression of |GF-1 is stronger in chon-
drocytes of the herniated disc than in controls. IGF-1,
which is produced mainly in the liver in response to the
action of growth hormone and is transferred into the
serum [28], is known to stimulate the growth of bone and
cartilage [27]. In particular, it might stimulate proteogly-
can synthesis in the nucleus pulposus, as demonstrated by
Thompson et al. [33]. More recently, local production of
IGF-1 has been demonstrated 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 [18]. The production of IGF-1 during tissue repair [9]
suggests that its presence in the adult herniated interverte-
bral disc might represent an attempt to repair the matrix.

Fibronectin

Similarly to IGF-1, our data demonstrated that more fi-
bronectin was expressed in the herniated tissue. Fibro-
nectin is a glycoprotein consisting of repeating units of
amino acids, which form domains that enable the mole-
cule to interact with a variety of cells through both inte-
grin and non-integrin receptors [24]. It has been demon-
strated that fibronectin levels are elevated in the degener-
ated discs and frequently present as a fragment, suggest-
ing arole in disc degeneration [14]. Particular attention is
devoted to arole for adhesive interactions mediated by fi-
bronectin during invasion. Invasion is the movement of
cells of one type into the fabric of other contiguous tis-
sues, and is responsible for the migration of cells engaged
in wound healing and neoangiogenesis [1]. We believe
that fibronectin expression in the herniated disc may pro-
mote the formation of neoangiogenetic areas, considering
that the intervertebral disc extracellular matrix is sparsely
cellular. In fact, it has been demonstrated that fibronectin
facilitates invasion into a sparsely cellular extracellular
matrix and prevents invasion where the host tissue is
densely cellular [1].
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Interleukin-6 and interleukin-6 receptor

The expression of IL-6 in herniated discs has previously
been reported [10, 11, 31], while IL-6R detection has
never been demonstrated before. IL-6 is mainly produced
by neurons, glial cells, haematopoietic precursor cells, B
cells, T cells, keratinocytes and osteoclasts [19], and is
considered an important mediator of acute inflammatory
responses. Its action is exerted via a receptor complex
consisting of a specific receptor (IL-6R) and a signal-
transducing subunit (gp130) [8]. Soluble forms of both re-
ceptor components are generated by shedding [19] and the
complex of IL-6 and soluble IL-6R modulates the recep-
tor system, acting as an agonist [8]. Recent observations
indicate that IL-6 and its soluble receptor have a protec-
tive role in the metabolism of cartilage, as indicated by
the induction of the tissue inhibitor of metalloproteases
(TIMP) [29]. Cohen et a. [4] demonstrated, using north-
ern analysis, that treatment of various cell lines with IL-6
for 648 h resulted in a significant induction of vascular
endothelial growth factor (VEGF) mRNA. It has been re-
ported that I1L-6 also interferes with pain sensation in rats;
for instance, intracerebro-ventricular injection of IL-6 in-
duces thermal hyperalgesia [15]. In line with this finding

is the observation that intrathecal IL-6 production results
in alodynia and thermal hyperalgesia following periph-
eral nerveinjury [6]. The possible effects of IL-6 on nerve
root are still unknown. The presence of IL-6 and its re-
ceptor suggests that an autocrine/paracrine mechanism of
IL-6 biosynthesis may be present in the herniated disc.
This finding is interesting, especially for chondrocytes of
the intervertebral disc, which is the largest avascular tis-
sue of the human body.

However, this study is preliminary, and further studies
are required to elucidate the possible role of these factors
in causing radicular pain.

Conclusion

This study provides the first demonstration of the expres-
sion of IL-6R in the chondrocytes of herniated tissue, and
confirms the presence in the protruded intervertebral disc
of TGF-B1, IGF-1, and IL-6 — factors produced in re-
sponse to tissue damage.
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