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Inhibiting Vascular Endothelial Growth
Factor in Injured Intervertebral Discs
Attenuates Pain-Related Neuropeptide
Expression in Dorsal Root Ganglia in Rats
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Study Design: An experimental animal study.

Purpose: To evaluate effects of anti-vascular endothelial growth factor (VEGF) on the content and distribution of the calcitonin gene-
related peptide (CGRP) in the dorsal ganglia in a rat model.

Overview of Literature: Increased expression of VEGF in degenerative disc disease increases the levels of inflammatory cytokines
and nerve ingrowth into the damaged discs. In animal models, increased levels of VEGF can persist for up to 2 weeks after an injury.
Methods: Through abdominal surgery, the dorsal root ganglia (DRG) innervating L5/L6 intervertebral disc were labeled (FluoroGold
neurotracer) in 24, 8-week old Sprague Dawley rats. The rats were randomly allocated to three groups of eight rats each. The anti-
VEGF group underwent L5/6 intervertebral disc puncture using a 26-gauge needle, intradiscal injection of 33.3 pg of the pegaptanib
sodium, a VEGF165 aptamer. The control-puncture group underwent disc puncture and intradiscal injection of 10 plL saline solution,
and the sham-surgery group underwent labeling but no disc puncture. Two rats in each group were sacrificed on postoperative days 1, 7,
14, and 28 after surgery. L1-L6 DRGs were harvested, sectioned, and immunostained to detect the content and distribution of CGRP.
Results: Compared with the control, the percentage of CGRP-positive cells was lower in the anti-VEGF group (p<0.05; 40.6% and 58.1%
on postoperative day 1, 44.3% and 55.4% on day 7, and 42.4% and 59.3% on day 14). The percentage was higher in the control group
compared with that of the sham group (0<0.05; sham group, 34.1%, 40.7%, and 33.7% on postoperative days 1, 7, and 14, respectively).
Conclusions: Decreasing CGRP-positive cells using anti-VEGF therapy provides fundamental evidence for a possible therapeutic role
of anti-VEGF in patients with discogenic lower back pain.
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Introduction

Nonspecific lower back pain (LBP) accounts for up to
85% of patients with chronic LBP. However, confirm-
ing a diagnosis and implementing an effective treatment
for nonspecific LBP is difficult [1,2]. Therefore, clarify-
ing its causes would be critical for advancing orthopedic
practice, improving diagnosis, and identifying effective
treatments. Fundamental research on the pathological
pathways of nonspecific LBP has been actively pursued in
recent years, with emerging evidence for a role of the in-
tervertebral disc (IVD), intervertebral joints, spinal cord,
muscle, and fascia in the development and maintenance
of nonspecific LBP [3].

Of these possible sources of pain, the specific contribu-
tion of the IVD has been extensively considered and in-
vestigated in recent years [4]. In their study on discogenic
LBP, Burke et al. [5] reported that the levels of inflamma-
tory cytokines such as tumor necrosis factor (TNF)-a,
interleukin (IL)-6, and nerve growth factors (NGFs), and
inflammatory mediators are increased in the interverte-
bral disc of patients with chronic discogenic LBP. Fur-
thermore, Shinohara [6] reported abnormal elongation of
free nerve endings within the IVD showing evidence of
degeneration. On the basis of these results, a number of
studies have evaluated the effectiveness of various treat-
ments targeting the IVD for managing discogenic pain.
In clinical research, treatment of discogenic LBP with
TNEF-a inhibitors locally applied to the IVD is effective for
controlling pain for up to 8 weeks after administration [7].
Of these novel therapies targeting inflammatory cytokines
and NGF at the level of the IVD, studies investigating the
role of vascular endothelial growth factor (VEGF) are of
specific importance in our view.

VEGF is a vascular survival factor that promotes an-
giogenesis and vascular permeability [8]. The expression
of VEGF is increased in degenerative IVDs [9] and can
induce disc inflammation [10,11] and facilitate nerve
elongation [12]. Therefore, it is plausible that increased
expression of VEGF in degenerative IVD disease can
stimulate inflammation, contributing to the development
and prolongation of pain. Treatment targeting the sup-
pression of VEGF would be an effective means in this case
for reducing the symptomology of discogenic LBP. Based
on this assumption, the aim of our present study was to
investigate how the administration of pegaptanib, a VEGF
aptamer that inhibits VEGF function, would influence the

distribution of pain-related neuropeptide (the calcitonin
gene-related peptide, CGRP) in the dorsal ganglia (DRG)
in a rat model of IVD injury.

Materials and Methods

All protocols for the animal procedures were approved by
our institution’s ethics committees, and the study followed
the National Institutes of Health Guidelines for the Care
and Use of Laboratory Animals (1996 revision).

1. Retrograde FluoroGold detection of DRG neurons

Twenty-four male, 8-week-old, Sprague Dawley rats,
weighing 250-300 g were included in the study. All ani-
mals were anesthetized by intraperitoneally administering
sodium pentobarbital (40 mg/kg), using aseptic technique,
which was maintained throughout the experimental pro-
cedures. Under microscopic guidance, a ventral longitu-
dinal incision was made at the midline of the abdomen of
each rat to expose the L5/6 IVD.

The rats were randomly allocated to groups (n=8,
each) as follows: sham-surgery, control-puncture, and
anti-VEGF. Rats in the sham-surgery group underwent
abdominal incision and exposure of the L5/L6 IVD. A
midline abdominal incision was made with the rat supine.
The retroperitoneum was incised along the left margin of
the aorta, and the ventral surface of the L5-L6 interverte-
bral disc was exposed between the aorta and the left psoas
muscle. Rats in the control-puncture group underwent
10 punctures of the IVD using a 26-gauge needle and in-
tradiscal injection of 10 pL of saline. The injection wound
was immediately sealed to prevent leakage. Rats in the
anti-VEGF group underwent this same procedure, except
for the intradiscal injection of 33.3 pug of pegaptanib (Pfizer
Inc., Ann Arbor, MI, USA), which was mixed with saline
(total volume, 10 uL); the injection wound was immedi-
ately sealed to prevent leakage.

The FluoroGold (FG) neurotracer (Fluorochrome, Den-
ver, CO, USA) was applied to the surface of the L5/6 IVD
of the 24 rats to label the neurons of the DRG innervating
the discs. Following this application, the abdominal inci-
sion was closed.

Two animals in each group were sacrificed on postop-
erative days 1, 7, 14, and 28. Animals were anesthetized
with intraperitoneal administration of sodium pentobar-
bital (40 mg/kg), which was perfused transcardially with
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0.9% saline followed by 500 mL of 4% paraformaldehyde
in phosphate buffer (0.1 M, pH 7.4). Levels L1 through
L6 DRGs were bilaterally resected. For immunofluores-
cence analysis, specimens were immersed in a fixative so-
lution (0.01 M phosphate-buffered saline [PBS] contain-
ing 20% sucrose) for 20 hours at 4°C. Each ganglion was
then sectioned into 10-um-thick slices using a cryostat,
and the sections were mounted on poly-1-lysine-coated
slides.

Immunohistochemical analysis of CGRP expression re-
quired quenching of endogenous tissue peroxidase activ-
ity in a solution of 0.01 M PBS containing 0.3% hydrogen
peroxide for 30 minutes. Specimens were then treated for
90 minutes at room temperature in a blocking solution
of 0.01 M PBS, 0.3% Triton X-100, and 3% skim milk. To
stain the DRGs, sections were reacted with a rabbit anti-
body against CGRP (1:1000; Chemicon, Temecula, CA,
USA) diluted in a blocking solution and were incubated
for 20 hours at 4°C. To detect CGRP in the DRGs, sec-
tions were incubated with a goat anti-rabbit Alexa 488
fluorescent antibody conjugate (1:400; Molecular Probes,
Eugene, OR, USA). Sections were examined using a fluo-
rescence microscope to count the numbers of FG-labeled
neurons and CGRP-immunoreactive (-IR) neurons in 10
randomly selected areas of DRGs from each level. To stan-
dardize the procedures, the numbers of CGRP-IR and FG
neurons per 0.45-mm’ area were counted using a count-
ing grid magnified 400x. The cross-sectional areas of the
CGRP-IR neurons in all animals were measured, and their
distributions were compared.

2. Statistical analysis

At each level (L1-L6), the proportion (%) of FG-labeled
CGRP-IR neurons per total FG-labeled cells was calculat-
ed. Between-level and between-group comparisons were
evaluated using nonrepeated analysis of variance, with
Bonferroni post-hoc correction for multiple comparisons.
The level of significance was defined a priori as p<0.05.

Results

At DRG levels, L1 through L6, FG-labeled DRG neurons
innervating the L5/6 IVD and FG-labeled DRG neurons
indicating routes of FG transport from the IVD were
present bilaterally. In all DRG specimens, at all levels and
in all three groups, the majority of cells was FG positive,
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Fig. 1. The average numbers of FluoroGold (FG)-labeled DRG neurons
from L1 through L6 levels in the three groups. DRG, dorsal root ganglia
(expressed as the meanzstandard error).

and the ratio of FG-positive cells to other cells was signifi-
cantly higher at L2 (Fig. 1). A representative example of
FG-labeled, CGRP-positive cells is shown in Fig. 2.

Table 1 and Fig. 3 show the percentage of FG-labeled
CGRP-IR neurons per FG-labeled neurons in the L2 level.
Compared with the sham-surgery group, the ratio of FG
positive to CGRP-positive cells in the L2 DRG increased
on postoperative days 1, 7, and 14 in both groups that un-
derwent disc puncture (p<0.05), with no between-group
differences on postoperative day 28. Compared with the
control-puncture group, the ratio of FG positive to CGRP-
positive cells in the L2 DRG was significantly lower in
the anti-VEGF group on postoperative days 1, 7, and 14
(p<0.05), with no between-group differences on day 28.
All other measures were comparable between the control-
puncture and anti-VEGF groups.

Discussion

We show here that IVD puncture increased CGRP expres-
sion in the DRGs at levels L1-L6 through postoperative
day 14. IVD puncture in rodents increases the number of
CGRP-positive cells in the DRGs in the dominant region
of damaged IVDs [8,13,14]. The findings of increased
CGRP-positive cells indicate elevated levels of inflamma-
tory cytokines such as IL-6, TNF-a, or NGF in the IVD
caused by a local inflammatory reaction to the puncture
[15,16]. Sensitization of CGRP expression by these el-
evated levels of proinflammatory mediators was detected
in the annulus fibrosus of the IVD [17]. These local sig-
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Fig. 2. FluoroGold (FG)-labeled (A) and calcitonin gene-related peptide (CGRP)-immunoreactive (-IR) (D) DRG in the sham-surgery group. FG-
labeled (B) and CGRP-IR (E) DRG neurons in the control-puncture group. FG-labeled (C) and CGRP-IR (F) DRG neurons in the anti-VEGF group.
Arrows indicate FG-labeled, CGRP-IR DRG neurons. Note that panels (A) and (D), (B) and (E), and (C) and (F) show the same section. DRG,

dorsal root ganglia; VEGF, vascular endothelial growth factor.

Table1. The ratio of FG positive to CGRP-positive cells mean (standard deviation)

Mean (standard deviation) 1 day
Non-puncture 34.1(5.3)
Puncture 58.1(11.3)
Anti-VEGF 40.6(7.0)

7 day 14 day 28 day
40.7 (4.8) 33.3(13.4) M1(17.7)
55.3(5.5) 59.3(8.5) 47.0(6.9)
44.3(8.3) 42.4(6.2) 445(9.8)

FG, FluoroGold; CGRP, the calcitonin gene-related peptide; VEGF, vascular endothelial growth factor.

nals can be transmitted via the primary afferent nerve to
eventually increase the expression of CGRP throughout
the dominant region of DRGs [14]. This mechanism can
explain our finding of increased CGRP-positive cells in
the DRGs within the dominant region of a damaged IVD.
Compared with the puncture group, the levels of
CGRP-positive cells were significantly reduced in the anti-
VEGEF group from postoperative days 1 through 14, indi-
cating suppression of pain-related peptides in the sensory
nerve roots by the administration of a VEGF inhibitor.
This inhibition of VEGF may be important in modifying
the mechanisms of the development of discogenic pain.
Specifically, disc puncture produces a local inflammatory

reaction, inducing an increase in VEGE, which eventually
causes reinflammation by acting on local VEGF receptors
(VEGFR) [9,13]. Among the VEGF receptors, VEGFR-1
may be specifically associated with the “re-inflammation”
cycle, which would prolong pain through the reactiva-
tion of macrophages after a refractory period [9,10]. The
putative role of VEGFR-1 in prolonging pain is supported
by findings demonstrating the effectiveness of targeted
inhibition of VEGFR-1 to suppress arthritic symptoms in
a mouse model of rheumatoid arthritis [18].

We assumed that pegaptanib would uniquely act on
VEGFR-1 [14]. Therefore, we propose the following
mechanism to explain our results. Intervertebral disc
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Fig. 3. The ratio of FluoroGold (FG)-labeled and calcitonin gene-related peptide (CGRP)-positive neurons to the number of FG-labeled
neurons at the L2 level, and the numbers of DRGs 1, 7, 14, and 28 days postpuncture. NS, not significant; VEGF, vascular endothelial

growth factor; DRG, dorsal root ganglia.

puncture would cause a local inflammatory reaction,
elevating VEGER levels and triggering increased expres-
sion of CGFP. The administration of pegaptanib would
uniquely act on VEGFR-1, suppressing the transition
and activation of inflammatory cells such as VEGFR1-
mediated macrophages and, thereby, prevent reinflamma-
tion as well as the suppression of CGRP in the dominant
sensory nerve. Pegaptanib therapy in clinical practice is
safe and effective for the treatment of age-related macular
degeneration. To our knowledge, there are no reports of
severe side effects caused by the therapeutic applications
of pegaptanib.

The limitations of our study must be considered when
interpreting the present results. First, pegaptanib was
administered as single dose, which should be considered
in future research. Second, the injured IVD is a model
of acute inflammation, which is insufficient for studying
the pathology of chronic human LBP. Further research is
required to evaluate its effectiveness and mechanisms in a
model of disc degeneration. Third, the model did not con-
sider continuous load application such as that experienced
by humans when they stand. Therefore, the present model
is inadequate for evaluating the chronic phase of pain. An
appropriate model for degenerative IVD, which satisfies

the conditions of prolonged loading during standing and
cyclical loading while walking has yet to be developed and
is the focus of our future research. Finally, we evaluated
the effects of anti-VEGF on pain indirectly by quantifying
the expression of CGRP in the DRGs. We are planning to
include behavioral evaluations in future studies.

Conclusions

Local administration of a VEGF inhibitor after punctur-
ing an IVD in a rat model effectively suppressed the ex-
pression of pain peptides for up to 14 days. We propose
therefore that LBP, originating from injury to the IVD,
may be ameliorated by suppressing VEGF activity. This
provides a new therapy for managing disc-related LBP.
Future research is required to determine the optimal dos-
age and to quantify the association between the suppres-
sion of VEGF behavioral responses to pain.
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