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Substance P in intervertebral discs
Binding sites on vascular endothelium of the human annulus fibrosus

| Karen Ashton', David A Walsh?, Julia M Polak? and Stephen M Eisenstein’

The annulus fibrosus of the human intervertebral
disc is sparsely innervated, some of the fibers con-
taining substance P. We could demonstrate, by
autoradiography, binding sites for substance P
localized on the endothelium of small blood vessels
in the annulus fibrosus of human intervertebral
discs removed during anterior fusion for back pain.
In binding inhibition studies, binding of ?5I-Bolton
Hunter-substance P was inhibited by unlabeled
substance P and the related tachykinins neurokinin
A and neurokinin B with a rank order of potency

substance P> NKA > NKB. Specific binding was
reduced >75 percent by 5'-guanylylimidodi-
phosphate, indicating G-protein coupling. These
features are characteristic of an NK1 receptor
through which vascular effects, i.e., vasodilation,
plasma extravasation and angiogenesis of sub-
stance P, are mediated. The presence of NK1
receptors on blood vessels in the annulus fibrosus
may indicate a role for substance P in tissue repair
although acute proinflammatory effects may con-
tribute to discogenic pain.

1Centre for Spinal Studies, Robert Jones and Agnes Hunt Orthopedic Hospital, Oswestry, SY10 7LU and 2Department of
Histochemistry, Royal Postgraduate Medical School, Hammersmith Hospital, London, W12 ONN, UK. Tel +44 691-655311.

Fax -657968.
Submitted 94-05-12. Accepted 94-08-18

The intervertebral disc is innervated by the sinuver-
tebral nerve and by branches of the sympathetic
trunk (Bogduk et al. 1981). Nerve fibers extend into
the annulus fibrosus either as free fibers or in associ-
ation with blood vessels (Malinsky 1959).

Some of these nerve fibers in the outer annulus in
man (Coppes et al. 1990, Konttinen et al. 1990,
Ashton et al. 1994) and in other species (Weinstein
et al. 1988, Ahmed et al. 1991, McCarthy et al.
1993) are immunoreactive for substance P. Sub-
stance P is a neuropeptide which, when released
from the central terminals of primary afferent neu-
rones in the dorsal horn of the spinal cord, acts as a
neurotransmitter or neuromodulator (Lembeck 1981,
Henry 1982). In addition, substance P is transported
antidromically to peripheral nerve endings where it
contributes to inflammatory processes such as mast
cell degranulation, vasodilation and increased capil-
lary permeability in skin and joints (Levine 1985,
Foreman 1987).

Substance P is a member of the tachykinin group
of peptides which includes neurokinin A and neuro-
kinin B (Pernow 1983). The biological effects of the
tachykinins are mediated by their interaction with
specific high-affinity receptors on cell surtaces.
Three subtypes of tachykinin receptor have been
identified—i.e., neurokinin (NK)I, NK2 and NK3
which preferentially bind substance P. neurokinin A

(NKA) and neurokinin B (NKB), respectively
(Burcher 1989). Vascular effects of substance P are
largely mediated by the NKI tachykinin receptor
subtype (Scott et al 1992).

Microvascular binding of substance P has previ-
ously been demonstrated in human tissues including
gut, skin and synovium (Mantyh et al. 1989, Degu-
chi et al. 1989, Walsh et al. 1992, 1993). Substance
P binding sites have not previously been described in
the intervertebral disc. As substance P is known to
be present in the disc, we tried to identify possible
sites of substance P action by localizing substance P
binding sites.

Material and methods

Intervertebral discs were obtained from 8§ patients
aged 29-46 years during anterior fusion for back
pain. All patients had previously had discography
which revealed either annular tears, or degenerative
disc disease with pain reproduction. The disc mate-
rial, which comprised the anterior and antero-lateral
parts of the L4/5 or L5/S1 discs (Table 1) was separ-
ated into annulus fibrosus and nucleus pulposus,
mounted on cork blocks and frozen immediately in
Arcton 12 (dichlorofluoromethane, ICI, Runcorn,
Cheshire, UK) precooled in liquid nitrogen. Between
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Table 1. Specific binding of '%|-BH-substance P in the
annulus fibrosus of the intervertebral disc

Patient Level Age Sex Blood Specific
vessels binding
1 L4/5 34 F + +
2 L4/5 39 F + +
3 L4/5 29 M - -
4 L4/5 32 F - -
5 L5/S1 44 M + +
6 L5/S1 30 F + +
7 L5/S1 39 M + +
8 L5/81 46 F - -

5 and 20 10 um sections of each specimen of unfixed
tissue were cut in a cryostat and thaw-mounted onto
microscope slides pretreated with Vectabond (Vec-
tor Laboratories, Peterborough, UK).

Sections were preincubated twice for 15 min in
buffer A (10 mM HEPES containing 130 mM NaCl,
4.7 mM KCl, | mM EGTA and 10 mM MgCl, at pH
7.4) then further incubated for 45 min at 20 °C with
buffer B (Buffer A with the addition of 1% bovine
serum albumin) containing 0.5 nM !Z5I-Bolton
Hunter (BH)-labeled substance P (Amersham Radio-
chemicals, Amersham, UK) either alone (total bind-
ing) or together with 1 M unlabeled substance P
(non-specific binding). Specific binding was defined
as total binding minus non-specific binding. Sections
were subsequently washed twice for 5 min with buf-
fer A at 4 °C, rinsed in distilled water and dried rap-
idly in a flow of cold air. Binding inhibition studies
were performed on consecutive sections by incuba-
tion in 0.5 nM !231-BH-substance P plus either unla-
beled substance P (0.1 nM-1 uM), NKA (1 nM-1
pM), NKB (1-10 pM) or 5’-guanylylimidodiphos-
phate (Gpp(NH)p, 100 uM). Peptides and Gpp(NH)p
were obtained from Sigma Chemical Co. (Poole,
UK).

125].BH-substance P labeled sections and 10 wm
125[odine radiopolymer standards (Amersham) were
apposed to autoradiography film (Hyperfilm -3H,
Amersham) for 7 days at 4 °C and then developed in
Kodak D9 at 20 °C for 3 min. Ligand binding was
quantified on the developed autoradiographs using
image analysis (Sight Systems, Hove, UK). For each
film, grey values were related to !?lodine standards,
corrected for the activity date of the ligand. ICs val-
ues were derived by iterative nonlinear regression of
binding inhibition data, using single-site models
with Graph PAD Inplot 4 (San Diego), as previously
described (Walsh et al. 1993).

The !25]-BH-substance P labeled sections were
then fixed by immersion in Bouin’s solution for 60

min at 20 °C, rinsed for 30 min in running tap water
and dried under a stream of cold air before being
dipped in Ilford K5 emulsion at 43 °C. These dipped
sections were dried and exposed at 4 °C for 4 weeks
in a light-tight box, developed as for films and then
counterstained with hematoxylin and eosin.

Frozen serial sections of the intervertebral disc
were immunostained for Von Willebrand factor
(VWEF) or platelet endothelial cell adhesion molecule
(PECAM) by the avidin-biotin complex method (Hsu
et al. 1981). Rabbit polyclonal antibodies to VWF
(AO82) and mouse monoclonal antibodies to
PECAM (JC/70A) were obtained from Dako Ltd
(High Wycombe, UK). Biotinylated second-layer
antibodies and avidin biotin complex came from
Vector Laboratories.

The anatomical localization of substance P bind-
ing was examined in emulsion-dipped sections and
compared with sections stained for the endothelial
markers VWF and PECAM.

Results

Sparse vascularization in the annulus fibrosus sec-
tions in 5 of the 8 patients was observed with no
demonstrable vessels in the nucleus pulposus. Spe-
cific binding of 1251-BH-substance P was confined to
blood vessels in the annulus fibrosus and was found
in all those specimens in which blood vessels were
observed (Table 1). No specific binding was
observed in any specimen of nucleus pulposus or
non-vascular structures in the annulus fibrosus.
Binding was localized to the endothelium of blood
vessels (Figure 1).

Figure 1. Photomicrograph of emuision-dipped section of
intervertebral disc showing localization of '2°I-BH-substance P
over vascular endothelium. Counterstained with H&E.
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Figure 2. Total binding (T) In the presence of 0.5 nM '?5|-BH-substance P was inhibited by
coincubation with 10 nM uniabeled substance P (SP), but not by 10 nM NKA, and by 1000
nm NKA but not by 1000 nM NKB, demonstrating the different potencies of SP, NKA and

NKB. Bar 20 pm.

In binding inhibition studies, specific binding of
1251.BH-substance P was inhibited by unlabeled
tachykinins with a rank order of potency substance
P > NKA > NKB (Figure 2), which is characteristic
of the NKI subtype of neurokinin receptor. Few
blood vessels were identifiable on film autoradio-
grams because of the sparse vascularity of disc tis-
sue. Quantification of the one case where vessels
were identified throughout serial sections confirmed
a rank order of inhibitory potency of substance
P> NKA > NKB with ICsq values 1.2 nM, 15 nM
and > 1000 nM, respectively. Specific binding was
> 75 percent inhibited by Gpp(NH)p.

Discussion

The intervertebral disc is normally avascular. How-
ever, age or degeneration results in fibrosis and fis-
suring (Eyre et al. 1989). Vascular ingrowth then
commonly occurs, particularly along the margins of
clefts and lesions (Vernon-Roberts 1992). In our
study, sections of the annulus fibrosus in 5 of the 8
patients were sparsely vascularized. Specific binding
sites for substance P were identified only on these
blood vessels.

The binding sites for substance P were confined
to the endothelium of the vessels and had character-

istics of the NKI1 type of tachykinin recep-
tor—namely, relative selectivity of substance P as
opposed to other tachykinins and inhibition by the
non-hydrolyzable GTP analogue Gpp(NH)p, sug-
gesting G-protein coupling. A similar endothelial
localization of NKl1-like substance P binding is
found in human synovium (Walsh et al. 1992, 1993).
NK1 receptors mediate several of the vascular
effects of substance P including vasodilation, plasma
extravasation and angiogenesis (Ziche et al. 1991,
Scott et al. 1992, Lam et al. 1993). Prostacyclin
release by endothelial cells in response to substance
P is also NKI! receptor-mediated (Marceau and
Tremblay 1989).

The outer third, approximately, of the annulus
fibrosus of the human intervertebral disc is inner-
vated and some of the nerve fibers contain substance
P (Coppes et al. 1990, Konttinen et al. 1990, Ashton
et al. 1994). The nerve fibers of the annulus fibrosus
may be free or perivascular (Konttinen et al. 1990,
Ashton et al. 1994). A few of the substance P immu-
noreactive nerves have recently been found in prox-
imity to blood vessels in the annulus fibrosus
(Ashton, unpublished observations). Neuropeptides,
including substance P, are released from peripheral
terminals of sensory nerves as a result of either
chemical or electrical stimulation (Yaksh 1988). We
propose that the binding sites which we have identi-
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fied represent functional receptors for endogenously
released substance P in the human intervertebral
disc. In vitro, substance P stimulates endothelial cell
proliferation and migration, essential features in the
formation of a new vascular network (Ziche et al.
1991). The presence of NK1 receptors suggests that
substance P could itself be a contributory factor in
neovascularization in human intervertebral disc.
Effects of substance P on blood vessels to increase
blood flow and angiogenesis may thus promote tis-
sue repair (Walsh et al. 1993), for example, by
improved nutrition. On the other hand, sustained
effects of substance P could contribute to the intflam-
matory changes which have been described in the
intervertebral disc (Crock 1976, Jaffray and O Brien,
1986) through the production of inflammatory medi-
ators and cytokines (Lotz et al. 1988) and thus con-
tribute to further degeneration and discogenic pain.
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