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A B S T R A C T

Objective: To explore the expression of lubricin in the lumbar endplate and its association with Modic changes
(MCs).
Methods: Human endplate specimens harvested from patients undergoing surgery for thoracolumbar spine frac-
tures or lumbar interbody fusion were divided into two groups: MCs group and normal group. Lubricin expression
was examined by immunohistochemistry, and differences between the groups were analysed using quantitative
polymerase chain reaction (qPCR). Lubricin expression and differences between endplates with MCs and normal
endplates were confirmed using a rabbit model. In a final experiment, rabbit endplate chondrocytes were
cocultured with Propionibacteria acnes (P. acnes) supernatant, and the expression of lubricin and endplate
degeneration related genes were evaluated. In addition, the expression of matrix metalloproteinase 1(MMP-1), A
disintegrin-like and metalloproteinase with thrombospondin type 5 motif (ADAMTS5) and inflammatory factors
(Interleukin- 1β (IL-1β) and Interleukin-6 (IL-6)) were evaluated after lubricin overexpression.
Results: Lubricin was found in human lumbar endplates and its expression was lower in the MCs group compared
to the normal group. In the rabbit model, lubricin was also found in the endplate. In rabbits injected with P. acnes
(the MCs group), lubricin expression of endplate decreased compared to the normal group. In the culture of rabbit
endplate chondrocytes with P. acnes supernatant, the expression of lubricin, aggrecan, sox9 and collagen type-II
decreased significantly, while that of MMP-1 and ADAMTS5 increased significantly. Moreover, lubricin over-
expression could downregulate the expression of MMP-1, ADAMTS5 and inflammatory factors (IL-1β and IL-6)
compared to negative control.
Conclusion: Lubricin is present in the lumbar endplate where it may have an anti-inflammatory role. P. acnes
infection inhibits lubricin expression by cartilage endplate cells and this may facilitate the progression of MCs and
endplate degeneration.
The translational potential of this article: Lubricin may have an anti-inflammatory role. P. acnes infection inhibits
lubricin expression by cartilage endplate cells and this may facilitate the progression of MCs and endplate
degeneration.
Introduction

Vertebral body endplates, which consist of a hyaline cartilage layer
weakly bound to perforated cortical bone, have been identified as a pain
source [1], and various endplate defects have been shown to be common
in the lower lumbar spine [2], where they are closely associated with
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back pain [3]. Painful endplates are not easily identified in individual
patients, but they could potentially be revealed by inflammatory-like
‘Modic’ changes (MCs), which are known to be associated with back
pain [4,5].

Many studies of MCs have focused on the lumbar vertebral endplate
and its pathology [6–13]. Despite more than 2 decades of study, the
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Figure 1. (A) Representative MRI images of ‘normal’ and MCs discs. (B) In human endplate specimens, H&E staining showed homogenous extracellular matrix and
small round chondrocytes in the control group versus fibrotic and sclerotic extracellular matrix and fewer chondrocytes in the MCs group. (C) Furthermore, a reduction
in the glycosaminoglycan content was observed in the MCs group through Safranin O Fast Green staining, and (D and E) immunohistochemistry demonstrated reduced
lubricin expression in the MCs group (Scale bar: 100 μm, *p < 0.05, **p < 0.01,***p < 0.005). H&E staining ¼ haematoxylin and eosin staining MRI ¼ magnetic
resonance imaging.
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pathogenic mechanisms resulting in MCs remain controversial, although
Propionibacterium acnes is widely considered to be a factor that results in
MCs in recent years. Researchers have found that P. acnes infection is
highly correlated with the prevalence of MCs, meanwhile a double-blind
randomised clinical trial showed that antibiotic treatment is more
effective in those low back pain patients with MCs [14–16]. Our previous
study, which involved injecting P. acnes into healthy rabbit discs, has
confirmed that P. acnes can result in MCs [17].

The potential role of lubricin in the development of MCs has received
little attention. Lubricin is a large proteoglycan encoded by the gene pro-
teoglycan 4 (Prg4), which has been shown to play a vital role in the
lubrication of synovial joints [18,19]. In addition, in vitro studies have
shown that lubricin in saline buffer acts as a lubricant between various
surfaces [20–24] as well as in synovial fluid, providing evidence that
lubricin is a principal lubricating protein in all types of joint. In addition to
its lubricating properties, lubricin has been shown to exert an antiadhesive
action [25] and plays a role in strain energy dissipation, suggesting that it
has a protective effect on underlying cells [26]. Furthermore, a previous
report by Teeple et al [27] showed that lubricin also performed a me-
chanical function in the intervertebraldisc, demonstrating a lackof lubricin
can cause elevated apparent torsional moduli in Prg4-knockout mice.

Immunohistochemical analysis has demonstrated the presence of
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lubricin not only in joints but also in tendon [25], meniscus [28], liga-
ment [29], muscle [29], skin [29], and intervertebral disc [30]. The
vertebral endplate, which is comprises a hyaline cartilage endplate
attached to a bony endplate of the perforated cortical bone, has a
structure similar to the articular surface of a synovial joint where artic-
ular cartilage is bound to the subchondral bone. In synovial joints,
lubricin has been shown to play an anti-inflammatory role in synovial
fluid [31]. If present in the vertebral endplate, lubricin may have a
similar role in preventing inflammation and, in this way, may protect
endplates from the development of MCs. However, whether lubricin is
expressed in the vertebral endplate remains unknown and hence its as-
sociation with MCs has not been investigated.

The purpose of this study was to (1) explore whether lubricin is
expressed in the vertebral endplate and (2) investigate whether
decreased lubricin expression is associated with MCs.

Materials and methods

Human endplate tissue

Endplate specimenswereharvested frompatientsundergoing surgery for
thoracolumbar spine fractures, or lumbar interbody fusion, between August



Table 1
Sequences of primers.

Rat Gene Primer sequences (50-30)

Lubricin (human) Forward AAAGTCAGCACATCTCCCAAG
Reverse GTGTCTCTTTAGCGGAAGTAGTC

Lubricin (rabbit) Forward GCTGCTCCGACTACGAGAAA
Reverse CAGAAACAGAGTGTTCTTCCGT

Col2a1 (rabbit) Forward AAGGGACACCGAGGTTTCACTGG
Reverse GGGCCTGTTTCTCCTGAGCGT

Aggrecan (rabbit) Forward GCAGCACAGACACTTCAGGA
Reverse CCCACTTTCTACAGGCAAGC

Sox9 (rabbit) Forward GGATGTCAAAGCAACAGGCG
Reverse ATGTGCGTTCTCTGGGACTG

ADAMTS5 (rabbit) Forward AGTACAGTTTGCCTACCGCC
Reverse GATTTGCCGTTAGGTGGGCA

MMP-1 (rabbit) Forward TAGCTGGTTCAACTGCAGGAA
Reverse AGGCTCACAGAATACATTGGG

IL-1β (rabbit) Forward GGCACAACAGATCGCTTTGG
Reverse GGACCATCGGCCTCAAAGAA

IL-6 (rabbit) Forward ACTGGCGGAAGTCAATCTGC
Reverse CAGCCCCGAAGTGATTCTCA
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2014andAugust 2016.Twogroupsof patientswere identifiedon thebasis of
preoperative spine MR imaging: a MCs group and a normal group (normal
endplates mean “no Modic endplates”). The injured endplates whose adja-
centdiscswhichwere classifiedasGrade1and2using thePfirrmanngrading
system were also defined as ‘normal’ endplates Figure 1A). Endplates ob-
tained from patients with thoracolumbar spine fractures were all ‘normal’
endplates. Endplate specimens from patients with lumbar interbody fusion
included both normal andMCs specimens. Endplate specimenswere divided
into two parts: one part was fixed for immunohistochemistry (IHC) to
examine whether lubricin was present, whereas the other was frozen at�80
�C for quantitative polymerase chain reaction (qPCR) analysis to evaluate
lubricin expression. A total of 110 endplate specimens were enrolled; 62
normal endplates and 48 Modic endplates were used to evaluate lubricin
expression by IHC and qPCR (about 50 mg tissue weight per patient for
qPCR). There was no significant difference in age between the two groups
(MCs group: 62� 5.2 yrs; normal group: 60� 6.1 yrs).

Rabbit model

A rabbit model of MCs was generated according to our previous study
[17] after which endplates with MCs and normal endplates were har-
vested. Ninety-six clean grade male New Zealand white rabbits with a
mean age of 6.14 � 0.91 months (range, 5–7months) and a mean body
weight of 2.83 � 0.59 kg (range, 2.12–3.38 kg) were used in this study.
Specimens of endplates with MCs and normal endplates (20 samples
each) from L4–5 or L5–6 were harvested. Lubricin expression was
confirmed by IHC and qPCR, and differences between endplates with
MCs and normal endplates were evaluated.

Endplate chondrocytes cocultured with P. acnes supernatant

Rabbit endplate chondrocytes were plated in 6-well plates at a density
of 2 � 104 cells/well in triplicate. The chondrocytes were then treated
with different concentrations of P. acnes supernatant (0%, 1%, 2%, and
4%) for 48 h (bacterial culture supernatant was collected after centrifu-
gation and filtration from 1 � 107 Colony-Forming Units (CFU)/mL
P. acnes suspension). qPCR was then performed to evaluate endplate
degeneration-related genes (aggrecan, collagen type-II, sox9, MMP-1,
and ADAMTS5). MMP-1, ADAMTS5, and inflammatory-related genes
(IL-1β and IL-6) were also detected with or without overexpression of
lubricin. qPCR was also used to assess lubricin expression in the endplate
cells and, in this case, protein levels were also analysed using western
blot assays.

Ethical approval was obtained from the Medical Ethics Committee of
our hospital. The study approval number is SRRSH2013070901. In
addition, all patients gave written informed consent for their information
to be stored in the hospital's database and used for research.

DNA transfection

Endplate chondrocytes were plated into 6-well plates 1 day before
transfection. One day later, cells were transfected with vector or lubricin
plasmid using Lipofectamine 3000 (Invitrogen, USA) as described by the
manufacturer. After 48 h, total proteins or RNAs were harvested from the
transfected cells and subjected to western blot or qPCR analysis.

RNA isolation, reverse transcription, and quantitative polymerase chain
reaction (qPCR)

Total RNA of endplate chondrocytes was extracted by Ultrapure RNA
Kit (CW0581, CWBIO, China) according to the manufacturer's protocols.
Quantity of total RNAs was measured by Nanodrop 2000. Reverse tran-
scription was then performed using HiFiScript cDNA Synthesis kit
(CW2569, CWBIO, China). The qPCRwas performed using the UltraSYBR
Mixture (CW0957, CWBIO, China) and the polymerase chain reaction
cycling program included 95 �C for 10 min (pre-incubation); 40 cycles of
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95 �C for 15 s, 60 �C for 60s, 72 �C for 20 s, 95 �C for 15 s (amplification),
60 �C for 60 s (melting curves), and 4 �C for 5 min (cooling). The
amplification signals from target genes were normalised by the
glyceraldehyde-3-phosphate dehydrogenase in the same reaction. Primer
sequences of lubricin, aggrecan, Sox9, and collagen type-II, MMP-1,
ADAMTS5, IL-1β, and IL-6 were summarised in Table 1. Col2a1: Collagen
Type II Alpha 1 Chain.

Western blotting analysis

Endplate chondrocytes were seeded (4 � 105 cells/well) in six-well
plates. Cells were stimulated with or without indicated concentration
(0, 1, 2 or 4%) of P. acnes supernatant for 48 h. Total proteins were then
obtained from cultured cells using radio immunoprecipitation assay
(RIPA) buffer (Solarbio, Beijing, China) supplemented with 100 mM
phenylmethanesulfonyl fluoride (Beyotime, Zhengzhou, China), 100 �
Phosphatase Inhibitor Cocktail (CWBIO, China), and Protease Inhibitor
Cocktail (Millipore, USA). Supernatant was extracted after centrifugation
at 12,000 rpm for 15 min. Total proteins were resolved on 10% sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred by electroblotting to polyvinylidene fluoride (PVDF) mem-
branes (Millipore, USA). The membranes were blocked in 5% (w/v) non-
fat dry milk in TBS with tween 20 (TBST) at RT for 45 min, and then
incubated with Rabbit antibody lubricin (1:1000 dilution, Millipore,
USA) at 4 �C overnight. Washed five times with TBST, bands were then
incubated with the horseradish peroxidase (HRP)-conjugated goat anti-
mouse/rabbit IgG (1:5000 dilution; Abcam). Bands were observed by
Image Lab software (Bio-Rad, Hercules, CA). The images were quantified
by Image J software (Bethesda, USA).
Immunohistochemistry

Human and rabbit cartilaginous endplate specimens were dehydrated
with a graded series of ethanol, then embedded in paraffin, and cut into 4
μm sections. To examine the immunoreactivity of lubricin, sections were
immunostained. Immunohistochemical analysis was performed using an
SP Rabbit & Mouse HRP Kit (CW2069, CWBIO, China). Rabbit anti-
lubricin (Santa Cruz, USA) and mouse antilubricin (Millipore, USA)
polyclonal antibodies immunoglobulin G were used at a dilution of
1:100. The images were then obtained using a high-quality microscope.
The semiquantification of lubricin was IHC performed, and three pa-
thologists, who were blind to the clinical tissue data, were responsible for
counting numbers of total cartilage endplate (CEP) cells and lubricin-
positive CEP cells under high-power fields (magnification of 200�) for
each of three sections in each specimen. The sections were recounted if
the intraclass correlation coefficient was less than 0.8.



Figure 2. In the human cartilage endplate specimens, qPCR revealed reduced
lubricin expression in the MCs group when compared with the normal group
(*p < 0.05, **p < 0.01, ***p < 0.005).

Figure 4. In the rabbit cartilage endplate specimens, qPCR revealed reduced
lubricin expression in the MCs group when compared with the normal group
(*p < 0.05, **p < 0.01,***p < 0.005).
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Statistical analysis

All data are expressed as mean� SD. Student t tests, one-way analysis
of variance, and least significant difference (LSD) and Chi-square tests
were used to compare mean values and proportions, respectively. Sta-
tistical analyses were performed using Statistical program for social sci-
ences (SPSS), version 18.0, software (PASW Statistics; IBM, USA), and
values of p < 0.05 were considered significant (*p < 0.05, **p < 0.01,
***p < 0.005).

Results

Lubricin expression in the endplate

Representative magnetic resonance imaging images of ‘normal’ and
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MCs discs were shown in Figure 1A. In human endplate specimens, hae-
matoxylin and eosin staining showed homogenous extracellularmatrix and
small round chondrocytes in the control group versus fibrotic and sclerotic
extracellular matrix and fewer chondrocytes in the MCs group (Figure 1B).
Furthermore, a reduction in theglycosaminoglycancontentwasobserved in
the MCs group through Safranin O Fast Green staining (Figure 1C), IHC
demonstrated reduced lubricin expression in theMCs group (Figure 1D and
E, p< 0.01). qPCR also revealed reduced gene expression of lubricin in the
MCs group when compared with the normal group (p < 0.01, Figure 2).

Similar to the findings in human endplates, lubricin could be found in
the cartilage endplate and bony endplate of rabbits used in the animal
model. Furthermore, lubricin expression was decreased in the MCs group
comparedwith the normal group, as indicated by both IHC (Figure 3) and
qPCR (p < 0.01, Figure 4).
Figure 3. (A) In the rabbit cartilage endplate speci-
mens, H&E staining showed disorganised endplate in
the MCs group. (B) Similar to the findings in human
endplates, lubricin was found in the endplate of rabbit.
Furthermore, lubricin expression was decreased in the
MCs endplate compared with the normal endplate
(Scale bar: 100 μm). H&E staining ¼ haematoxylin
and eosin staining. IVD: Intervertebral disc; CEP:
Cartilaginous endplate; SOC: Secondary ossification
center; BEP: Bony endplate; SOC(BEP): SOC is equiv-
alent to the BEP; GP: Growth plate; VB: Vertebral
body.



Figure 5. (A–B) The expression of MMP 1(A) and ADAMTS5(B) in endplate chondroctyes stimulated with P. acnes supernatants was increased compared with controls.
(C–E) The expression of Sox9(C), collagen type-II(D) and aggrecan(E) in endplate chondroctyes stimulated with P. acnes supernatants significantly decreased compared
with controls, and the reduction tended to be greater at the higher concentrations. (*p< 0.05, ** p< 0.01,*** p< 0.005).
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Rabbit endplate chondrocytes cocultured with P. acnes supernatant

As shown in Figure 5, the expression of aggrecan, Sox9，and collagen
type-II in endplate chondrocytes stimulated with P. acnes supernatant
decreased significantly compared with controls (p < 0.05), and the
reduction tended to be greater at the higher concentrations. The
expression of matrix metalloprotease 1 (MMP-1) and ADAMTS5 was
Figure 6. (A–C) Western blot analysis (A and B) and qPCR(C) demonstrated that lub
P. acnes supernatant fluid, with greater reductions occurring at higher concentration
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increased in a dose-dependent manner compared with controls (p <

0.05).
The results of lubricin expression are presented in Figure 6. qPCR and

Western blot analysis demonstrated that lubricin decreased significantly
after endplate chondrocytes were cocultured with P. acnes supernatant
(p < 0.05), with greater reductions occurring at higher concentrations of
P. acnes supernatant.
ricin decreased significantly after endplate chondrocytes were co-cultured with
s of P. acnes. (*p< 0.05, ** p< 0.01,*** p< 0.005).



Figure 7. (A) Lubricin overexpression are presented in endplate chondrocytes. (B–C) As the chondrocytes were co-cultured with P. acnes supernatant fluid (at
concentrations of 1%), lubricin overexpression could downregulate the gene expression of MMP-1(B), ADAMTS5(C). (D) Western blot analysis showed lubricin
overexpression could downregulate protein level of MMP-1 and ADAMTS5. (E–F) lubricin overexpression could downregulate the expression of IL-1β(E) and IL-6(F)
compared with negative control (*p< 0.05, ** p< 0.01,*** p< 0.005).
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Overexpression of lubricin

The results of lubricin overexpression are presented in Figure 7. The
overexpressionof lubricinwasconfirmedusingWesternblotting inFigure7.
As the chondrocytes were cocultured with P. acnes supernatant (at concen-
trations of 1%), lubricin overexpression could downregulate the expression
ofMMP-1, ADAMTS5, and inflammatory factors (IL-1β and IL-6) compared
with negative control.

Discussion

Summary of results

In this study, lubricin was found in the cartilage endplate of patients
undergoing spine surgery, and its expression was lower in endplates with
MCs than in normal endplates. These data were confirmed in a rabbit
model where MCs were initiated by injecting P. acnes into the disc.When
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endplate chondrocytes were cocultured with P. acnes supernatant for 48
h, the expression of lubricin, aggrecan, Sox9，and collagen type-II was
reduced significantly compared with that in controls, while that of matrix
metalloproteinase 1 (MMP-1) and ADAMTS5 was increased. Lubricin
overexpression could downregulate the expression of MMP-1, ADAMTS5,
and inflammatory factors (IL-1β and IL-6) compared with negative
control.
Strengths and weaknesses of the study

To our knowledge, this is the first demonstration of lubricin in the
human endplate. Similar findings in the rabbit model suggest that
lubricin plays some roles in maintaining normal function of the vertebral
endplate. The effects of P. acnes infection on lubricin were evaluated not
only by examining changes in gene expression but also by directly
measuring changes in lubricin levels using Western blotting, and these
results show that P. acnes inhibits the synthesis of lubricin by endplate
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cells. Lubricin overexpression could downregulate the expression of
MMP-1, ADAMTS5, and inflammatory factors (IL-1β and IL-6) compared
with negative control, which showed that lubricin may have an anti-
inflammatory role in the development of MCs.

Our study also has some limitations. First, the human endplate
specimens were difficult to obtain, resulting in a small sample size, while
the difference between three types of MCs needs to be further investi-
gated. Second, the study focused only on the association between lubricin
and MCs; the anti-inflammatory effects of lubricin, which may act to
protect the endplate and prevent the development of MCs, need to be
further investigated.

Lubricin expression in the endplate

Lubricin, which was first identified as a molecule secreted by synovial
fibroblasts and superficial zone articular chondrocytes [32–34], is a
surface-active mucin glycoprotein that is attached to the articular sur-
faces providing chondroprotective and antiadhesive properties. Lubricin
protects the cartilage surface by inhibiting synoviocyte overgrowth [35]
and preventing wear of articular cartilage [36]. Consequently, loss of
lubricin functionality is regarded as an adverse factor in degenerative
arthritis. The vertebral endplate, which is composed of a hyaline carti-
lage endplate and a bony endplate, has a structure similar to the articular
surface of a synovial joint where articular cartilage is bound to the sub-
chondral bone. However, unlike cartilage in synovial joints, the carti-
laginous endplate is not subjected to high shearing forces between joint
surfaces so the lubricating effects of lubricin are unlikely to be of much
benefit. The presence of lubricin in the vertebral endplate suggests it may
have an alternative role which may be related to its anti-inflammatory
effects, as reported previously [20].

P.acnes and MCs

A recent study showed that low-grade virulent bacterial infections are
closely associated with MCs [37–40]. P. acnes is checked out most
frequently, accounting for a proportion of 85% [14,15]. P. acnes, a
common skin organism, is an anaerobic, gram-positive bacterium char-
acterised by slow growth. It is most notably recognised for its role in acne
vulgaris [41]. A previous study [37] also showed that P. acnesmay play a
role in degenerative disc disease. Stirling's et al [14] study demonstrated
that 53% of the patients with severe sciatica had gram-positive anaerobic
microorganisms in their disc tissue, of which 84% were P. acnes. Albert
et al. [16] indicated that antibiotics are an efficient treatment option for
patients with low back pain（LBP）and Modic type 1 changes following
lumbar disc herniation. Amoxicillin–clavulanate was chosen as the
treatment option for such patients, based on the study by Stirling et al.
[14]. Amoxicillin–clavulanate was shown to reduce the volume of MCs in
endplate, suggesting that P. acnes infection may be involved in the
development of MCs. We confirmed this hypothesis in a previous study
which showed that MCs could be initiated in an animal model by
injecting P. acnes into rabbit discs. The findings of the current study now
suggest other detrimental effects of P. acnes infection which was shown to
inhibit lubricin expression by cartilage endplate cells and may facilitate
the progression of MCs and endplate degeneration.

Lubricin and MCs

Currently, the Toll-like receptor 2 (TLR-2) is the main receptor in the
innate immune response that recognises P. acnes, which causes inflam-
matory responses through TLR-2 signalling [42–44]. Recent studies have
shown that lubricin can inhibit TLR-2 activity [31,45], and this may be
the mechanism by which lubricin elicits its anti-inflammatory effects in
synovial fluid [31]. MCs are often regarded as an inflammatory process
that occurs within the endplate, so we hypothesised that decreased
lubricin expression would be associated with MCs. The current findings
show that lubricin is expressed in chondrocytes in the vertebral endplate
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and that its expression is reduced in endplates with MCs. Our study also
found that lubricin expression and lubricin production was decreased
significantly in endplate chondrocytes when cocultured with P. acnes,
suggesting that lubricin is synthesised and secreted by the endplate
chondrocytes.

Beside, decreased lubricin might have negative impact to the me-
chanical environment of endplate, including direct effects like tissue
mechanical properties defection, inadequate lubrication resulted tissue
damage accumulation, and indirect effects like altered loading and mo-
tion of endplate caused by early-onset degenerative spondylosis. This
may be another mechanism of lubricin dysregulation in the development
of MCs.

Conclusions

Lubricin is present in both human and rabbit vertebral endplates
where it may have an anti-inflammatory role. P. acnes infection inhibits
lubricin expression by cartilage endplate cells, which may facilitate the
progression of MCs and endplate degeneration.
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