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ABSTRACT
AIM: To histopathologically evaluate and compare bone morphogenetic protein (BMP)-2, vascular endothelial growth factor (VEGF),
and vitamin D receptor (VDR) levels in the ligamentum flavum (LF) of patients with lumbar spinal stenosis (LSS) and lumbar disc
herniation (LDH).
MATERIAL and METHODS: Surgical specimens of the LF in 25 patients who underwent surgery for LDH and 25 patients
who underwent surgery for LSS were examined histopathologically. The prevalence and severity of BMP-2, VEGF, and VDR
immunoreactivity were evaluated to create histoscores (prevalence × severity), which were compared between groups.
RESULTS: The mean BMP-2 histoscore was similar in both groups. In the LSS group, the mean VEGF histoscore was significantly
higher and the mean VDR histoscore was significantly lower.
CONCLUSION: Elevated VEGF and decreased VDR levels in the LF in LSS are associated with more intense inflammation and
chronic process of the disease. The prominent expression of BMP-2 in the LF in both diseases suggests that BMP-2 might be
affected by inflammation regardless of chronic pressure and degeneration.
KEYWORDS: Lumbar disc herniation, Spinal stenosis, BMP-2, VEGF, VDR
ABBREVIATIONS: BMP: Bone morphogenetic protein, LDH: Lumbar disc herniation, LF: Ligamentum flavum, LSS: Lumbar spinal
stenosis, PLL: Posterior longitudinal ligament, VDR: Vitamin D receptor, VEGF: Vascular endothelial growth factor
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INTRODUCTION

L

umbar disc herniation (LDH) and lumbar spinal stenosis
(LSS) are frequently encountered in neurosurgical
practice. LDH can occur at any age and progresses
with biochemical and histological changes in the nucleus
pulposus and annulus fibrosis that result from degeneration
and axial compression. Histopathological changes may also
be expected in the ligamentum flavum (LF). However, LSS
typically occurs in older patients and is associated with
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histopathological changes that include reduction of elastic
fibers, fibrosis, and LF ossification (2,5,13).
Bone morphogenetic proteins (BMPs) are members of the
transforming growth factor–beta (TGF-β) family. Fifteen BMPs
have been identified and divided into subgroups according to
amino acid sequence similarities. BMP-2, BMP-4, and BMP-7
are active osteoinductive agents. BMP-2, which is synthesized
by osteoblasts and osteocytes and primarily found in bones,
is the most osteoinductive agent and plays an important role
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in ossification. In addition, it has an important role in bone
differentiation and initiation of cartilage formation and may be
involved in ossification of the posterior longitudinal ligament
(PLL) and LF by increasing osteoblastic features of ligament
cells (6,20).
Vascular endothelial growth factor (VEGF) is a potent angiogenic
factor that causes proliferation of vascular endothelial cells
and enables vascular tube formation (11). Although it was
initially defined as a mitogen specific to endothelial cells,
VEGF is actually synthesized in many different cells and
plays a role in several normal physiological functions, such
as hematopoiesis, wound healing, and growth. VEGF also
plays a role in tumor development, neovascular diseases, and
several chronic inflammatory diseases (8). In inflammation,
VEGF increases vascular permeability and acts as a powerful
chemotacin for monocytes (4), which are active in the final
stages of inflammation.
Vitamin D is a fat-soluble steroid molecule that increases
calcium and phosphorus absorption in the intestines and
kidneys and plays a direct or indirect role in many other
physiological mechanisms. Active vitamin D is involved in
cellular growth and differentiation, DNA repair, apoptosis,
membrane transport, adhesion, and oxidative stress and
exerts its effect by binding to the vitamin D receptor (VDR)
(10). This receptor has been found in tissues of the kidney,
skin, prostate, breast, lung, and brain as well as macrophages
of the immune system. VDR is also expressed in the cells
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of the nucleus pulposus and annulus fibrosus and exerts a
significant effect on proteoglycan synthesis. Polymorphism of
the VDR gene has been associated with disc degeneration
and risk of LDH (3,21).
This study evaluated the levels of BMP-2, VEGF, and VDR
in LF tissue specimens from patients with LDH or LSS who
underwent surgery and discussed them in light of the literature
data.
█

MATERIAL and METHODS

Following approval by the Research Ethics Committee of our
university (with the date of 30th March 2017 and the decree
no. of 11).
In total, 50 patients who underwent surgery for LDH or LSS
at our institution between February 2017 and January 2019
were included. All patients provided written informed consent
for surgery and study participation. Patients were divided
into two groups according to indication for surgery: LDH (25
patients) and LSS (25 patients). Patients with only one level
LDH without apparent thickened LF and patients with only
one level LSS with thickened LF were selected (Figure 1AD). Routine LF tissue specimens taken during surgery were
examined histopathologically.
Histopathological Examination
LF tissue specimens were fixed with buffered 10%
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Figure 1: Sagittal (A) and axial (B) magnetic
resonance imagining (MRI) images from a study
patient with lumbar disc herniation (LDH; at L5–S1
level; arrow head shows not thickened ligamentum
flavum [LF]). Sagittal (C) and axial (D) MRI images
from a study patient with lumbar spinal stenosis
(LSS; at L4-5 level; arrow shows thickened LF).
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formaldehyde solution for 48 h, decalcified with Tris-HCl,
and then checked daily for adequate softening. Once
softening was achieved, specimens were embedded in
paraffin and 4-μm-thick sections were prepared for automatic
immunohistochemical staining using antibodies for BMP-2,
VEGF, and VDR on polylysine slides. After staining, slides were
examined and photographed using an Olympus BX51 light
microscope (Figure 2A-E and 3A-E). Based on the prevalence
(0.1: <25%, 0.4: 26%–50%, 0.6: 51%–75%, and 0.9: 76%–
100%) and severity (0: none, +0.5: very little, +1: little, +2:
moderate, and +3: severe) of immunoreactivity after staining,
a histoscore was created (histoscore = prevalence × severity).
Statistical Analysis
Statistical analyses were performed using SPSS software
version 22.0 (IBM Corp., Armonk, NY, USA). Data are
expressed as numbers, percentages, and means with
standard deviation. The chi-square test was used to compare
categorical and independent samples t test was used to
compare the continuous data.
█

RESULTS

In total, 28 patients were female (56%) and 22 were male (44%).
Among the 25 patients in the LDH group, 10 were female
(40%) and 15 were male (60%). In the LSS group, 18 patients
were female (72%) and 7 were male (28%). The differences
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in sex and age between the groups were significant. Mean
age in the LDH and LSS groups was 43.9 and 61.7 years,
respectively. Patients aged <20 years were excluded because
of possible congenital spinal stenosis.
The mean BMP-2 histoscore in LF tissue did not significantly
differ between the LDH and LSS groups (p=707). However, in
the LSS group, the mean VEGF histoscore was significantly
higher (0.908 vs. 0.488; p<0.001) and the mean VDR histoscore
was significantly lower (0.128 vs. 0.208; p=0.040) than those
of the LDH group (Figure 4).
█

DISCUSSION

Cytokines and trophic factors play a role in inflammation
caused by proteoglycans that have herniated outside of
the disc space as well as hypertrophy of the LF in spinal
stenosis. They are also involved in ischemic and inflammatory
responses resulting from pressure of neural structures
(2,22). Although degeneration of spinal structures cannot
be avoided with current medical or surgical treatment, the
mechanisms involved have not yet been elucidated. Therefore,
pathophysiological and clinical studies of spinal degenerative
disease are needed.
Proinflammatory cytokines released in degenerated or herniated intervertebral discs exert fibrinogenic and ossification-triggering effects on LF cells. BMP-2 plays an especially
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Figure 2: A, B) Microscopic view of ligamentum flavum in lumbar disk herniation (hematoxylin and eosin × 100). C) Bone morphogenetic
protein (BMP)–2 immune-reactivated view (immune peroxidase × 200). D) Vascular endothelial growth factor (VEGF) immune-reactivated
view (immune peroxidase × 200). E) Vitamin D receptor (VDR) immune-reactivated view (immune peroxidase × 200).
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Figure 3: A, B) Microscopic view of ligamentum flavum in lumbar spinal stenosis (hematoxylin and eosin × 100). C) Bone morphogenetic
protein (BMP)–2 (immune peroxidase × 200). D) Vascular endothelial growth factor (VEGF) immune-reactivated view (immune peroxidase
×200). E) VDR immune-reactivated view (immune peroxidase × 200).
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important role in ossification in patients with LDH (5,18). Various histopathological changes, such as a decrease in elastic
fibers, increase in collagen fibers, fibrosis, chondrometaplasia,
and ossification, occur in LF hypertrophy associated with LSS
(22). Intense BMP-2 expression has been shown in ossified LF
tissue of patients with spinal stenosis (13). BMP-2 is a mem-
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Figure 4: Comparison of histoscores for Bone
morphogenetic protein (BMP)–2, Vascular
endothelial growth factor (VEGF), and Vitamin
D receptor (VDR) between the lumbar disc
herniation (LDH) and lumbar spinal stenosis (LSS)
groups.

ber of the TGF-β super family that plays an important role in
skeletal development and bone formation. It also increases
osteoblast-like features of the cells in the PLL and LF (16,20).
BMP-2 has been used widely in spinal fusion surgery because
it yields outcomes similar to the autogenous bone, enables
more rapid fusion, and demonstrates high success rates
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even in revision surgery or multisegment fusions (1). In our
study, significant BMP-2 expression was detected in the LF in
patients with LDH and LSS, which is in line with the previous
data. However, we found no significant difference in BMP-2
histoscores between these two groups. Although patients
with LDH have less significant LF hypertrophy and ossification
compared with those with LSS, their similar BMP-2 histoscores suggest that BMP-2 may be affected by inflammation
regardless of chronic pressure and degeneration.
VEGF is a potent angiogenic factor and can be induced by
agents such as interleukin-1 (IL-1) that are generated by cells
in the discs. In addition, studies have shown that VEGF can
be produced by several cell types, including osteoblasts
(19). Haro et al. (9) speculated that VEGF may play a role in
vascularization of herniated disc tissue. Furthermore, VEGF
plays an important role in angiogenesis in LF hypertrophy that
results from biochemical changes due to mechanical stress
in patients with LSS (11). Another study reported strong and
positive staining of VEGF in fibroblasts, inflammatory cells,
and endothelial cells of hypertrophic LF taken from 24 patients
with LSS, which was thought to represent neovascularization
(12). Increased VEGF expression has also been associated
with LF hypertrophy itself (11,12). Lakemeier et al. (17) found
that increased VEGF expression correlated with vascular
density in hypertrophic LF, which is a hypovascular tissue.
As angiogenesis may increase as a result of mechanical
stress and inflammation, and common cytokines that are
responsible for inflammation and angiogenesis also contribute
to the formation of scar tissue, inflammation and angiogenesis
may play a role together in LF hypertrophy. In our study, VEGF
histoscores were significantly higher in the patients with LSS
patients than those with LDH, which might be because LSS
is more chronic and progressive and, therefore, is associated
with a greater amount of local inflammation and angiogenesis.
Although vertebral disc degeneration is considered a natural
process of aging, it can accelerate and cause symptoms at a
younger age. Such accelerated degeneration is likely caused
by genetic predisposition and environmental factors. Environmental factors, such as heavy physical activity, diabetes,
excessive weight, and patient-induced factors, can trigger
the disc degeneration process, exacerbating this vicious
cycle (2,13). Vitamin D plays a role in the molecular processes involved. Remarkably, DVRs are found in osteoblasts,
chondrocytes, and cells of the annulus fibrosus and nucleus
pulposus (7). Although previous studies have examined VDRs
in bone, vertebral disc, and glial and neural tissue, ours is the
first to investigate VDR level in the LF of patients with LDH or
LSS. VDR is expressed in cells of the nucleus pulposus and
annulus fibrosus and has a significant effect on proteoglycan
synthesis (21). VDR gene variants that modify VDR expression
are involved in the pathophysiology of disc degeneration.
Moreover, vitamin D affects the in vitro proliferation and functional regulation of nucleus pulposus and annulus fibrosis cells
together via various proteins and cytokines (2,3) Therefore,
VDRs can be affected by inflammation. Vitamin D deficiency

(serum 25-hydroxycholecalciferol < 20ng/ml) was highly prevalent in patients with LSS. Severe pain was associated with a
higher prevalence of vitamin D deficiency and osteoporosis,
which could be a potential risk factor for falls and fractures
(14). Ko et al. (15) reported that the prevalence of vitamin D
deficiency in patients with LSS requiring decompression surgery was 76.5% in their study. Although the increase in vitamin
D to a certain level may be expected if the gait improves after
a decompression surgery, it seems necessary to maintain
25-hydroxycholecalciferol level in serum by checking vitamin
D deficiency before surgery to enhance functional outcomes.
Although our study detected low levels of VDR expression in
the LF in both the LDH and LSS groups, the VDR histoscores
were significantly lower in the LSS group, possibly because
of the chronic degenerative nature of LSS or the fact that it is
often detected at an older age than LDH and associated with
more intense inflammation.
█

CONCLUSION

Various histopathological changes may develop in the LF in
LDH and LSS because of various causes. LSS develops from
degenerative physiopathology over a longer period compared
with LDH. In addition, stenosis of the spinal canal and/or
neural foramen may cause ischemic changes that result from
neural and vascular pressure. Therefore, chronic inflammation
and pressure-related findings are expected. The significant
increase in VEGF histoscores and the significant decrease
in VDR histoscores in LSS are associated with more intense
inflammation and chronic degeneration. Although BMP-2
histoscores were elevated in both LDH and LSS, they did not
significantly differ. This suggests that the increase occurred
because of inflammation and not LF hypertrophy or chronic
pressure.
These diseases are very common. Despite several conservative and/or successful surgical interventions, satisfactory
improvement is not achieved in some cases. Besides, to
our knowledge, no promising therapies exist for preventing
LF hypertrophy in the current literature. Therefore, identifying unknown histopathological similarities and differences
between LDH and LSS may enrich the literature and facilitate
the development of new treatment modalities. Further laboratory and clinical studies of BMP-2, VEGF, and VDR as potential
targets for medical treatment in LDH and LSS are warranted.
█
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