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Abstract: Aim: This study aimed to elucidate the pathogenesis of posterior longitudinal ligament (PLL) hypertrophy.
Methods: Cervical PLL specimens were collected from CSM patients during surgery (n = 30) and during routine au-
topsy (n = 14), and processed for histological examination (HE staining and Masson’s Trichrome staining) and IHC
(CD3, CD68, CD31, TGF-B1 and collagen ll). In addition, the mRNA expression of collagen | was detected in cervi-
cal PLL specimens from 16 CSM patients (n = 16) and from routine autopsy (n = 16) by RT-PCR. Results: Obvious
fibrosis, cartilage metaplasia and calcification were found in the cervical PLL of CSM patients. In the degenerated
PLL, CD68* macrophages were frequently identified, CD3* T lymphocytes were occasionally found, and many newly
generated small vessels were also present. In the degenerated PLL, of the number of TGF-B1 positive cells in-
creased markedly when compared with control group. IHC indicated TGF-B1 was secreted by macrophages. RT-PCR
showed a significantly lower mRNA expression of collagen | in the PLL of CSM patients as compared to control group.
Conclusions: Macrophages are the major type of inflammatory cells involved in the cervical PLL degeneration, and
TGF-B1 is related to the cervical PLL degeneration. TGF-B1 is mainly secreted by macrophages. Anti-inflammation
may serve as an alternative non-surgical treatment and prophylactic strategy for PLL degeneration.
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Introduction gate the ossification of PLL, few studies focus
on the PLL degeneration before its ossification,

Cervical spondylotic myelopathy (CSM) is a and the specific mechanism of PLL degenera-

common disease in middle-aged and elderly
people, and the degeneration of posterior longi-
tudinal ligament (PLL) is one of major causes of
CSM [1-4]. Surgery is a main treatment of
choice for CSM. However, clinical findings show
that simple excision of the herniated interverte-
bral disc or osteophyte fail to achieve favorable
outcome in some patients, but symptoms may
be relieved significantly after removal of the
degenerated PLL simultaneously. This may be
ascribed to more effective spine decompres-
sion after resection of the degenerated PLL [5].
The roles of PLL degeneration in the pathogen-
esis and treatment of cervical spondylosis have
attracted increasing attentions. Although num-
erous studies have been conducted to investi-

tion is still not clear [6-8].

Previous pathological studies showed the frac-
ture and disordered arrangement of collage-
nous and elastic fibers and an increase in scar
tissues following PLL degeneration, causing lig-
ament hypertrophy and fibrosis, and compro-
mised elasticity [9, 10]. Our previous studies
indicated cyclooxygenase-2 expression incre-
ased in the PLL of patients with CSM, suggest-
ing that PLL degeneration is closely related
inflammation [11]. Nevertheless, the inflamma-
tory mechanism of PLL degeneration is still
poorly understood. In the present study, histol-
ogy, immunohistochemistry (IHC) and RT-PCR
were employed to investigate: 1) the pathologi-
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Table 1. Primers and their sequence

Bioengineering Co., Ltd. The corre-

Gene Primer Sequence (5’ 3')

Product Size (bp)

sponding second antibody and I[HC

CollA1 Forward: AAGAGGAAGGCCAAGTCGAG
Reverse: AGATCACGTCATCGCACAAC

CybB  Forward: CCGCATCGTTGGGGACTGGA
Reverse: CAAAGGGCCCATCAACCGCTATCT

156 bp

kits were from the Germany Vector
Company. Immunohistochemistry
was performed using Streptavidin-

109 bp Peroxidase (SP method). The details

of IHC for collagen Il have been

cal characteristics of degenerated cervical PLL;
2) collagen | mRNA expression in the PLL of
CSM patients and healthy controls; 3) the cel-
lular compositions (macrophages, vascular en-
dothelium and T lymphocytes) of PLL of CSM
patients; 4) the expression of transforming
growth factor betal (TGF-B1) in the degenerat-
ed PLL. Our findings may provide evidence for
the inflammatory mechanism of PLL degenera-
tion and offer a new approach for the preven-
tion and non-surgical treatment of PLL dege-
neration.

Materials and methods
Sample collection

Cervical PLL specimens were collected during
the anterior decompression surgery from
patients with CSM (38-82 years old, mean age
53.7, n = 30) and from subjects without CSM
during routine autopsy (43-80 years old, mean
age 61.4, n = 14). All the specimens were col-
lected at C4-6 of PLL. The protocol was
approved by the Ethics Committee at Medical
University Graz (EK-number: 21-059 ex 09/10,
LKH, Graz) and written informed consent
obtained before study.

Histological examination

PLL specimens were fixed in 10% neutral form-
aldehyde for 48 h, embedded in paraffin and
cut into sections (3 um). Sections were pro-
cessed for HE staining and Masson trichrome
staining, followed by histological examination.

Immunohistochemistry for CD3, CD68, CD31
and TGF-B1

Rabbit anti-human CD3 monoclonal antibody,
mouse anti-human CD31 monoclonal antibody
and mouse anti-human CD68 antibody were
purchased from Fuzhou Maxim Biotech De-
velopment Co., Ltd. Rabbit anti-human TGF-f1
polyclonal antibody was from Wuhan Boster
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reported in our previous study [11].
Biological detection

Additional PLL specimens were collected dur-
ing anterior surgery for CSM from 16 patients
(32-82 years old, mean age 49.2), and 18 sam-
ples were collected during autopsy from sub-
jects without CSM (47-80 years old, mean age
56.3). Total RNA was isolated and processed
for real-time reverse transcription-polymerase
chain reaction (RT-PCR) according to previously
reported [11]. Primers were designed accord-
ing to the published sequences of humans
(Table 1). CybB gene was used as an internal
reference.

Statistical analysis

Data are expressed as mean + standard devia-
tion (SD) and comparisons were done with an
unpaired Student’s t-test. A value of P < 0.05
was considered statistically significant.

Results

Pathological characteristics of degenerated
cervical PLL

PLL is mainly composed of fibrous tissues with
regular arrangements. The fibroblasts with
fusoid nuclei in these fibrous tissues were dis-
tributed in the same direction (Figure 1A, 1B).
The regular structure is destroyed in the pres-
ence of PLL degeneration. Fracture and disor-
dered arrangement of collagenous and elastic
fibers were present following PLL degeneration,
and compensatory fibrosis appeared in the
degenerated PLL. Small vessels were also
found in the PPL with severe degeneration, and
even patchy calcification was present in some
ligaments (Figure 1C, 1D). A progressive transi-
tion area was not observed between degener-
ated PLLs and control PLLs. A wide variety of
cells infiltrated the degenerated PLL (Figure
1E). Collagen Il expression was found around
the chondrometaplastic cells and in the matrix,
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Figure 1. Pathological characteristics of degenerated PLL. A: HE staining of the PLL in control group; B: Masson’s
trichrome staining of the PLL in control group; C: In the PLL of patients cases, the fibers showed disordered arrange-
ment, patchy calcification (dashed arrows) and increase in small vessels (solid arrow) (Masson’s trichrome staining);
D: In the PLL of patients cases, a plenty of newly formed small vessels was observed (HE staining); E: Apparent
infiltration of cells in the PLL of patients cases (HE staining); F: Immunohistochemistry for collagen Il in the PLL of
patients cases.

but there was no marked difference between
two group overall (Figure 1F).

Infiltration of cells in the degenerated PLL

A plenty of CD68" macrophages and a few CD3*
T lymphocytes were found in the degenerated
PLL. Results showed most CD3* cells mainly
localized around vessels (Figure 2A). In degen-
erated PLL, CD68"* cells showed different mor-
phologies and were widely distributed (Figure
2B). In addition, CD68" cells were found in both
degenerated ligaments and control ligaments.
Formation of small vessels was another phe-
nomenon found in the degenerated PLL. In PLL
with severe degeneration, the newly generated
vessels formed clusters, and the vascular wall
was positive for CD31, a marker of vascular
endothelial cells (Figure 2C). Above cells were
not observed in PLL of control group (Figure
2D).

TGF-B1 expressions in degenerated PLL

The TGF-B1 expression was significantly higher
in degenerated PLL than in control group. TGF-
B1 expression was identified in macrophages,
chondrocytes and fibroblasts, and TGF-B1 posi-
tive cells had yellow-brown granules in cyto-
plasm (Figure 3A-C). TGF-B1 was mostly exp-
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ressed in macrophages, followed by chondro-
cytes, and only a few TGF-B1 fibroblasts were
found along the edge of ligaments.

Biological detection

Real-time PCR indicated that Col1A1 mRNA
expression in CSM group was significantly lower
than that in control group. The mean CollAl
expression was 26.1 + 21.2 and 100.0 + 92.2
in CSM group and control group, respectively (P
= 0.004) (Figure 4).

Discussion

Pathological and biochemical characteristics
of degenerated PLL

PLL is a group of serrated, long, thin and tough
dense connective tissues, locates at the ante-
rior wall of the spinal canal and extends along
the both sides of spinal canal. PLL is constitut-
ed of collagenous fibers and elastic fibers in a
specific order and plays important physiological
roles in the maintenance of spine stability and
the prevention of excess flexion of the spine
and kyphosis of intervertebral discs.

In degenerated PLL, fibrous tissues fractured,
and had disordered arrangement. In PLL with
severe degeneration, a plenty of small vessels
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Figure 2. Infiltration of cells in PLL (IHC). A: CD3* cells in the PLL of patients cases had brown granules; B: CD68* cells in the PLL of patients cases had yellow or
brown granules in the cytoplasm; C: CD31* cells in the PLL of patients cases had yellow granuels; D: CD3*, CD68* and CD31" cells were not observed in the PLL of
autopsy cases.
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Figure 3. Immunohistochemistry for TGF-B1 in the PLL of patients. TGF-B1 positive granules were mainly found in
the cytoplasm and yellow (DAB). A: TGF-B1 positive macrophages; B: TGF-B1 positive chondrocytes; C: TGF-B1 posi-

tive fibroblasts.
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Relative expression of Col1A1 mRNA

Figure 4. mRNA expression in PLL of two groups.
Col1A1 mRNA expression was down-regulated in
the patients group (OP) when compared with con-
trol group (O). The mRNA expression of Col1A1 was
detected by RT-PCR and normalized to that of CybB.
Data are shown as mean + SD (n = 16). *P < 0.01.

formed, accompanied by patchy calcification.
Immunohistochemistry showed the increase in
collagen Il expression in PLL, suggesting carti-
laginous metaplasia. Type | collagen is a major
support of ligaments and may provide tensions
for ligaments. RT-PCR showed the collagen |
expression is decreased in the PLL of patients
group. Above changes may cause the reduction
of strength.

Chronic inflammation involves in the pathologi-
cal processes of cervical PLL degeneration

Traumatic inflammatory responses may occur
when abnormal stresses are loaded on the cer-
vical PLL. COX-2 is an inflammation related
cytokine, and the inhibitor of COX-2 is capable
of reducing scar formation during wound heal-
ing [12, 13]. Previous studies indicated a cor-
relation between the PLL degeneration and
inflammation [11]. However, the cell types and
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cytokines participating in such inflammatory
responses are still not identified.

Our results showed that the numbers of macro-
phage and T lymphocytes infiltrating in PLL of
patients were higher than those in control
group, and the increase in macrophages was
more obvious. Macrophages are the important
inflammatory cells, and capable of secreting a
great amount of cytokines such as TGF-B1,
basic Fibroblast Growth Factor (bFGF), interleu-
kin-1 (IL-1) and tumor necrosis factor (TNF).
These cytokines may significantly stimulate cell
proliferation, differentiation and angiogenesis
[14]. In the present study, findings revealed that
most macrophages were distributed at the
edge of degenerated PLL and in the areas with
severe degeneration. Their morphologies were
also diverse as their locations vary, which might
be ascribed to the difference in the functions of
macrophages at different sites. T lymphocytes
are important cells participating immune res-
ponses. Most of them were mainly distributed
around vessels and adjacent tissue space, and
a few of them were also found at the edge and
other sites.

Vascular endothelial cells are a group of non-
specific phagocytes, participate in immune
responses and play important roles in the
repair process of inflammation. Our results
showed a lot of CD31" endothelial cells were
found in the areas with severe degeneration,
and mainly distributed within small vascular
walls and their adjacent tissue space. However,
in control group, CD31* endothelial cells were
not found. The above findings suggest chronic
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and non-specific inflammatory responses in
degenerated PLL.

Correlation between abnormal TGF-B1 expres-
sion and PLL degeneration

A lot of cytokines are involved in the inflamma-
tory responses. TGF-B1 is a cytokine with mul-
tiple biological activities. It can simulate the
fibroblast proliferation and increase the synthe-
sis of extracellular matrix (especially collage-
nous fibers). TGF-B1 plays important roles in
the organ hypertrophy and fibrosis [15-18].
However, the relation between PLL degenera-
tion and TGF-B1 has not been identified.

Immunohistochemistry was performed to
detect TGF-B1 in degenerated PLL. Results
showed TGF-B1 expression in the PLL of
patients group was higher than that in control
group. TGF-B1 was mainly expressed in macro-
phages, and only a few TGF-B1 fibroblasts were
observed. These findings suggest that TGF-B1
is related to the PLL degeneration, and macro-
phages are the potential cells secreting TGF-f1
to induce PLL degeneration.

Based on the above results, we speculated that
cervical PLL are damaged under stresses,
causing fracture and disordered arrangement
of collagenous fibers and elastic fibers and sub-
sequent chronic inflammatory responses [19].
Macrophages infiltrate the inflammatory tis-
sues and secrete a large amount of TGF-f1
which may stimulate fibroblasts to secrete col-
lagens for compensatory repair of injured fiber
tissues. These processes progress repeatedly,
and finally cause formation of scar tissues,
leading to PLL fibrosis. In addition, the degener-
ated PLL also form chondrification and calcifi-
cation. Above changes in PLL may eventually
cause PLL degeneration and reduction in the
PLL strength. Thus, the degenerated PLL may
compress the spinal cord and cause symptoms
of nerve injuries. Such an “inflammation-fibro-
sis link” is already known from studies in adult
skin wound healing, in which macrophages also
are the major, sustained source of TGF-3 [20].

On the basis of the correlation between PLL
degeneration and inflammation, anti-inflamma-
tion may be able to inhibit the inflammatory
responses of cervical PLL degeneration, and
thereby prevent or relieve the thickening of PLL.
This may become a new approach for the pre-
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vention and non-surgical treatment of PLL
degeneration.
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