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Aims

CRP is an acute-phase protein that is used as a biomarker to follow severity and progression
in infectious and inflammatory diseases. Its pathophysiological mechanisms of action are
still poorly defined. CRP in its pentameric form exhibits weak anti-inflammatory activity. The
monomeric isoform (mCRP) exerts potent proinflammatory properties in chondrocytes, en-
dothelial cells, and leucocytes. No data exist regarding mCRP effects in human intervertebral
disc (IVD) cells. This work aimed to verify the pathophysiological relevance of mCRP in the
aetiology and/or progression of IVD degeneration.

Methods

We investigated the effects of mCRP and the signalling pathways that are involved in cul-
tured human primary annulus fibrosus (AF) cells and in the human nucleus pulposus (NP)
immortalized cell line HNPSV-1. We determined messenger RNA (mRNA) and protein levels
of relevant factors involved in inflammatory responses, by quantitative real-time polymerase
chain reaction (RT-qPCR) and western blot. We also studied the presence of mCRP in human
AF and NP tissues by immunohistochemistry.

Results

We demonstrated that mCRP increases nitric oxide synthase 2 (NOS2), cyclooxygenase 2
(COX2), matrix metalloproteinase 13 (MMP13), vascular cell adhesion molecule 1 (VCAM1),
interleukin (IL)-6, IL-8, and Lipocalin 2 (LCN2) expression in human AF and NP cells. We also
showed that nuclear factor-kf (NF-k), extracellular signal-regulated kinase 1/2 (ERK1/2),
and phosphoinositide 3-kinase (PI3K) are at play in the intracellular signalling of mCRP. Fi-
nally, we demonstrated the presence of mCRP in human AF and NP tissues.

Conclusion

Our results indicate, for the first time, that mCRP can be localized in IVD tissues, where it
triggers a proinflammatory and catabolic state in degenerative and healthy IVD cells, and
that NF-kB signalling may be implicated in the mediation of this mCRP-induced state.
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Article focus proinflammatory and catabolic factors in

This study aimed to verify the patho-
physiological relevance and mechanism
of action of monomeric CRP (mCRP) in
healthy and degenerative intervertebral
disc (IVD) cells.

Key messages

MCRP can be present in IVD tissues
and induces the expression of multiple

human annulus fibrosus (AF) and nucleus
pulposus (NP) cells.

The effect of mCRP is persistent and
sustained, regardless of the proinflam-
matory environment, as it was similar in
healthy and degenerative human primary
AF cells.

mCRP effects in healthy and degenerative
AF cells are mediated by phosphoinositide
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3-kinase (PI3K), extracellular signal-regulated kinase
1/2 (ERK1/2), and nuclear factor-kB (NF-kB) p65
signalling pathways.

Strengths and limitations
This is the first experimental article that provides
evidence for the functional activity of mCRP in healthy
and degenerative human AF and NP disc cells.
This is the first article demonstrating the localization
of mCRP in intravertebral disc cells of the AF and NP.
Further studies are needed to confirm the role of
mCRP in IVD degeneration. A larger number of
subjects studied would give more strength to our
results; the limited access to primary human disc cells
is a limitation of this study.

Introduction

Low back pain (LBP) is the main cause of disability world-
wide, affecting around 700 million people.! It has been
estimated that 70% to 85% of the global population
has LBP at some time in their lives, and it can limit the
activity of people under 45 years of age, generating
a huge socioeconomic impact.? The aetiology of LBP
is complex, multifactorial, and still unclear. However,
histological and MRI data associate chronic LBP with
lumbar intervertebral disc (IVD) degeneration.? IVDs are
embedded between the vertebrae and provide flexibility
to the spine. They consist of three anatomical parts: an
inner cell-sparse gelatinous nucleus pulposus (NP), an
outer fibrous region, the annulus fibrosus (AF), and,
limiting above and below the AF, the hyaline cartilagi-
nous end plates (CEPs).* In a healthy adult IVD, homeo-
stasis between extracellular matrix (ECM) synthesis and
degradation is balanced by growth factors and cytokines.
An imbalance towards catabolic processes contributes to
structural degeneration of the IVD, likely contributing to
the development of LBP.3>*

IVD degeneration leads to multiple anatomical,
mechanical, and biochemical disc changes. These alter-
ations decrease mechanical stability and shock absorber
functions, contributing to osteophyte formation, annular
fissures, and decreased motion of spinal segments.?
Genetic risk has an important influence on IVD degen-
eration, however mechanical trauma, injuries, smoking,
obesity, and ageing also play a role.® In response to
inflammation and degeneration, vascular and nerve
ingrowth into the avascular IVD occur from the outer
layers of the AF, extending into the NP.”8

IVD degeneration and the degeneration of joint carti-
lage as seen in osteoarthritis (OA) show marked similar-
ities, although they are barely discussed simultaneously.
Striking similarities are seen on plain radiographs:
the loss of disc height or joint space, sclerosis of the
subchondral bone, and the development of osteophytes.
Furthermore, in both IVD and joint cartilage, the ECM is
composed of similar constituents (although in another
ratio), and similar ECM-degrading machinery is present
in the process of degeneration. There are also differences

such as the type of forces applied to the ECM, and the
absence of synovial fluid in IVDs.*'2

CRP is an acute-phase inflammatory protein whose
plasma levels sharply increase in response to injury,
infection, and inflammation. It is a member of the
pentraxin family, and circulates prevalently in blood in its
homopentameric form.™ CRP plasma levels increase from
around 1 pg/ml to over 500 pg/ml within 24 to 72 hours
upon severe tissue damage.' Thus CRP levels are a well-
established biomarker for monitoring the inflammatory
status in infections and other multiple diseases, including
IVD herniation' and rheumatic diseases such as OA.'

The pentameric protein is characterized by a discoid
configuration of five identical non-covalently bound
subunits of about 23 kDa each. It is synthesized primarily
in liver hepatocytes but has also been reported to be
produced in other cell types such as smooth muscle
cells,” macrophages,'® endothelial cells,” lymphocytes,
and adipocytes.? The monomeric CRP (mCRP) differs
from the pentameric CRP (pCRP) in its different antigenic,
biological, and electrophoretic mobility,?> and in its
expression of different neoepitopes.?? These two distinct
forms of CRP showed distinct biological functions in the
inflammatory process. It has been proved that pCRP
suppresses the adherence of platelets to neutrophils,
whereas mCRP enhances these interactions.?? This differ-
ence in function can be explained by the two isoforms
binding to differing types of Fcy-receptors involved in
the signalling process. The mCRP isoform uses the low-
affinity immune complex binding immunoglobulin G
(IgG) receptor called FcyRIllb (CD16b) on neutrophils
and FcyRllla (CD16a) on monocytes, while pCRP binds to
the low-affinity 1gG receptor FcyRlla (CD32).2* Evidence
shows that pCRP tends to exhibit weak anti-inflammatory
activities. In contrast, mCRP has marked proinflammatory
properties both in vitro and in vivo by promoting mono-
cyte chemotaxis and the recruitment of circulating leuco-
cytes to areas of inflammation via Fcy-Rl and Fcy-Rlla
signalling.?*?> However, the pathophysiological role of
CRP as a regulator of inflammatory processes remains
obscure.

Some of the published IVD disease literature assesses
CRP as a reference biomarker of an ongoing inflamma-
tory process.'>?%?” Ruiz-Fernandez et al* recently investi-
gated the inflammatory effect of mCRP in chondrocytes,
proving that mCRP triggers a sustained proinflammatory
and catabolic state in healthy and OA cartilage. However,
the role of mCRP in disc pathophysiology has not yet
been clarified. In this current study, we evaluated the
functional role of mCRP as a modulator of the inflam-
matory response in NP and AF human cells, assessing
some proinflammatory and catabolic factors and the
pathways involved in the signal transduction upon mCRP
stimulation.

Methods
Reagents. Fetal bovine serum (FBS), lipopolysaccha-
ride (LPS), and human recombinant interleukin (IL)-18
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cells derived from degenerative IVD in culture were challenged with 10 or 50 ug/ml mCRP, or with 100 ng/ml lipopolysaccharide (LPS) as positive control for
24 hours, after four hours of serum starvation. a) to g) Left panels. Messenger RNA (mMRNA) expression was determined by quantitative real-time polymerase

chain reaction. mRNA levels are presented as fold change relative to control (C-). a) to g) Middle and right panels. Protein expression was measured by
western blot. Data from densitometric analyses normalized to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) are shown as relative-to-control (C-)
values. Data are expressed as mean (standard error of the mean) of at least three independent experiments. Comparisons referred to control (C-): *p <

0.05, **p < 0.01, ***p < 0.001. Cal., calibrator (refers to control (C-) condition); COX2, cyclooxygenase 2; IL, interleukin; LCN2, lipocalin 2; MMP13, matrix

metalloproteinase 13; NOS2, nitric oxide synthase 2; PTGS2, prostaglandin-endoperoxide synthase 2; VCAMT, vascular cell adhesion molecule 1.
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Fig. 2

Monomeric CRP (mCRP) proinflammatory effect on human primary healthy intervertebral disc (IVD) annulus fibrosus (AF) cells. Human primary AF cells

from healthy IVD in culture were challenged with 10 or 50 ug/ml mCRP, or with 100 ng/ml lipopolysaccharide (LPS) as positive control for 24 hours, after
four hours of serum starvation. a) to g) Messenger RNA (mRNA) expression was determined by quantitative real-time polymerase chain reaction. mRNA

levels are presented as fold change relative to control (C-). Data expressed as mean (standard error of the mean) of at least three independent experiments.
Comparisons referred to control (C-): *p < 0.05, **p < 0.01, ***p < 0.001. Cal., calibrator (refers to control (C-) condition); IL, interleukin; LCN2, lipocalin 2;
MMP13, matrix metalloproteinase 13; NOS2, nitric oxide synthase 2; PTGS2, prostaglandin-endoperoxide synthase 2; VCAMT, vascular cell adhesion molecule

1.

were obtained from MilliporeSigma (USA). Dulbecco’s
Modified Eagle’s Medium (DMEM)/Ham’s F12 medium,
trypsin-ethylenediaminetetraacetic acid, L-glutamine,
and penicillin-streptomycin mixture were obtained from
Lonza Group (Switzerland). Pronase and collagenase P
were obtained from Roche Diagnostics (Germany).

Recombinant mCRP (Roosevelt University, College of
Pharmacy, USA) was produced in Escherichia coli, had
both cysteines replaced with alanine residues and solu-
bilized by an acylation technique (C-rmCRP) in 25 mM
NaPBS (pH7.4), and was purified and tested in several
bioassays to confirm its equivalence to biological mCRP
from the pentameric form and free of contaminating
endotoxin. The final endotoxin level of all protein solu-
tions was below the detection limit 0.06 endotoxin units
(EU)/ml of the assay.®
Cell culture conditions and treatments. Human NP im-
mortalized cell line HNPSV-1% (Tokai University School of
Medicine; Japan) was cultured in DMEM/Ham’s F12 sup-
plemented with 10% FBS, 4 mM L-glutamine, 50 units/
ml penicillin, and 50 pg/ml streptomycin. In these experi-
ments we used a cell passage range of 13 to 22.

Healthy IVD samples were obtained from deceased
multi-organ donors. Degenerative IVD samples were
obtained, under written patient consent, from patients
undergoing discectomy. Inclusion criteria were: male
or female patients undergoing discectomy diagnosed
with spinal stenosis; adult degenerative scoliosis; disc
herniation; and disc degeneration (Pfirrmann grade > 3

to 4). Exclusion criteria were: previous spinal malignan-
cies or infections; previous spinal surgery; and patients
diagnosed with metabolic diseases. All IVD samples
were obtained under permission from the local ethics
committee, according to the Declaration of Helsinki.® AF
cells were isolated and cultured as previously described.*'
Briefly, aseptically dissected AF tissue was diced and prop-
erly rinsed with phosphate-buffered saline (PBS). After
removing PBS, tissue was incubated for 20 minutes with
pronase at a final concentration of 1 mg/ml in DMEM/
Ham’s F12 at 37°C. Then, pronase was removed and
the tissue was rinsed two to three times with PBS. After
removing PBS, digestion continued with collagenase
P at a final concentration of T mg/ml in DMEM/Ham’s
F12 with 10% FBS. Tissue was incubated for four to six
hours in agitation at 37°C. The resulting cell suspension
was filtered with a 40 um nylon cell strainer (BD Biosci-
ences Europe, Belgium) to remove debris. Cells were
centrifuged, washed with PBS, resuspended in DMEM/
Ham’s F12 supplemented with 10% FBS, 4 mM L-gluta-
mine, 50 units/ml penicillin, and 50 pg/ml streptomycin,
counted, and plated in 12-well culture plates. Cells were
maintained in culture for a maximum of ten days for
expansion. All AF cells used in these experiments were at
passage number 2.

AF cells and HNPSV-1 cells were seeded in six-well
plates (2.5 x 10° cells/well) and treated with 10, 25, or
50 pg/ml mCRP, 100 ng/ml LPS, or 0.1 ng/ml IL-1pB, after
serum starvation for four hours. All the concentrations
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Fig. 3

Monomeric CRP (mCRP) proinflammatory effect on human intervertebral disc (IVD) nucleus pulposus (NP) cell line. HNPSV-1 human NP cells were
challenged with 10, 25, or 50 ug/ml mCRP, or with 100 ng/ml lipopolysaccharide (LPS) or 0.1 ng/ml IL-1b as positive controls for 24 hours, after four hours of
serum starvation. a) to f) Messenger RNA (mRNA) expression was determined by quantitative real-time polymerase chain reaction. mRNA levels are presented
as fold change relative to control (C-). Data expressed as mean (standard error of the mean) of at least three independent experiments. Comparisons

referred to control (C-): *p < 0.05, **p < 0.01, ***p < 0.001. Cal., calibrator (refers to control (C-) condition; IL, interleukin; LCN2, lipocalin 2; MMP13, matrix

metalloproteinase 13; PTGS2, prostaglandin-endoperoxide synthase 2; VCAM1,

were selected based on a previous study? and in the
absence of IVD cell toxicity. All treatments were done in
serum-free conditions after four hours of serum starvation
and lasted 24 hours for the proinflammatory response
experiments (Figures 1 to 3), or 15 minutes for the intra-
cellular signal transduction experiments (Figure 4).
Immunohistochemical assays. Sections 4 pym thick ob-
tained from human AF or NP tissue were mounted on
silanized coated slides (Dako-Agilent; USA). Epitope re-
trieval was performed in a PT-Link (Dako-Agilent) at high
pH for 20 minutes. Then, the slides were automatically
immunostained in an Autostainer-Link 48 (Dako-Agilent),
employing the monoclonal anti-CRP antibody, clone
CRP-8 (MilliporeSigma), diluted 1:100, and 30-minute in-
cubation time. As a detection system, we used EnVision
FLEX/HRP (Dako-Agilent), for 30 minutes, and 3,3'-diami-
nobenzidine tetrahydrochloride (DAB) as chromogen, for
five minutes.

RNA isolation and real-time reverse transcription-poly-
merase chain reaction. Total RNA was isolated from cell
culture with NZYol (NZYTech, Portugal) and E.Z.N.A.
Total RNA Kit | (Omega Bio-tek, USA) according to the
manufacturer’s instructions, and reverse-transcribed us-
ing NZY First-Strand cDNA Synthesis Kit (NZYTech). Then,
SYBR-green-based quantitative real-time polymerase
chain reaction (RT-qPCR) was performed in Stratagene
MX3005P thermal cycler as previously described,? us-
ing a standard protocol with RT? SYBR Green qPCR
Mastermix and specific PCR primers (Qiagen, Germany)

vascular cell adhesion molecule 1.

(human glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), 175 bp, PPHOO150E, reference position 1287,
Gen-Bank accession no. NM_002046.3; human nitric
oxide synthase 2 (NOS2), 132 bp, PPHO0173E, reference
position 3962, Gen-Bank accession no. NM_000625.4;
human matrix metalloproteinase 13 (MMP13), 61 bp,
PPHOO121B, reference position 1380, Gen-Bank acces-
sion no. NM_002427.3; human vascular cell adhesion
molecule 1 (VCAMT), 141 bp, PPHO0623E, reference po-
sition 2980, Gen-Bank accession no. NM_001078; human
Lipocalin 2 (LCN2), 87 bp, PPHO0446E, reference posi-
tion 626 to 644, Gen-Bank accession no. NM_005564.3;
human IL-6, 98 bp, PPHO0560C, reference position 816,
Gen-Bank accession no. NM_000600.3; human IL-8,
126 bp, PPHO0568A, reference position 326, Gen-Bank
accession no. NM_000584.3; human prostaglandin-
endoperoxide synthase 2 (PTGS2), 63 bp, PPHO1136F,
reference position 1502, Gen-Bank accession no.
NM_000963.2). No-template controls were included to
eliminate any non-specific amplification, and melting
curves were generated to ensure a single gene-specific
peak. Gene expression changes were determined by the
comparative AACt method in MxPro qPCR Software ver-
sion 4.10 (Stratagene, USA), and expressed as relative
fold changes compared to control (C-) and normalized to
GAPDH housekeeping gene.

Protein extraction and western blot analysis. After treat-
ment, cells were rapidly washed with ice-cold PBS and
scraped in lysis buffer (10 mM Tris—HCI, pH 7.5, 5 mM
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Mediators involved in monomeric CRP (mCRP) intracellular signal transduction in human primary healthy and degenerative intervertebral disc (IVD)

annulus fibrosus (AF) cells. Human primary AF cells from healthy or degenerative IVD in culture were challenged with 50 ug/ml mCRP or with 100 ng/ml
lipopolysaccharide (LPS) as positive control for 15 minutes, after four hours of serum starvation. a) to f) Protein expression was measured by western blot.
Determination of the phosphorylated protein normalized to total protein and glyceraldehyde 3-phosphate dehydrogenase (GAPDH). Data from densitometric
analyses are shown as relative-to-control (C-) values. Data expressed as mean (standard error of the mean) of at least two or three independent experiments.
Comparisons referred to control (C-): *p < 0.05, **p < 0.01, ***p < 0.001. NF-kB p65, nuclear factor-kB p65; pERK1/2, phosphorylated extracellular signal-
regulated kinase 1/2; PI3K, phosphoinositide 3-kinase; pPI3K, phosphorylated PI3-kinase; pNF-kB p65, phosphorylated nuclear factor-k p65.

ethylenediaminetetraacetic acid (EDTA), 150 mM NacCl,
30 mM sodium pyrophosphate, 50 mM sodium fluo-
ride, T mM sodium orthovanadate, 0.5% Triton X-100,
1 mM phenylmethylsulfonyl fluoride (PMSF)), freshly
supplemented with protease inhibitor cocktail (Thermo
Fisher Scientific, USA), then the total cell lysates were
centrifuged at 14,000 g for 20 minutes. Sodium dodecyl-
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
and blotting procedures were performed as previously
described.?* Immunoblots were incubated with the spe-
cific antibody against NOS2, cyclooxygenase 2 (COX2),
phospho-phosphoinositide 3-kinase (PI3K) p85/p55,
phospho-p44/p42 MAPK (extracellular signal-regulated
kinase 1/2 (ERK1/2)), phospho-nuclear factor-kB (NF-
KB) p65, or NF-kB p65 diluted 1:1000 (Cell Signaling
Technology, USA), PI3K p85 or MAPK 1/2 (ERK1/2) diluted
1:1000 (MilliporeSigmay), VCAM1 diluted 1:500 (EnoGene
Biotech, USA), IL-6 or IL-8 diluted 1:100 (Santa Cruz
Biotechnology, USA), MMP13 diluted 1:500 (Abcam, UK),
and human LCN2 diluted 1:1,000 (R&D Systems, USA).

The immune complexes were detected using anti-
rabbit, anti-mouse (both from GE Healthcare, USA),
or anti-goat (Santa Cruz Biotechnology) horseradish-
peroxidase-labelled secondary antibodies diluted 1:5,000
and visualized with Immobilon Western Detection kit
(Millipore, USA). To verify equivalent protein loading, the
membranes were stripped 15 minutes in stripping buffer
(100 mM B-mercaptoethanol, 2% SDS, 62.5 mM Tris-HCI
pH 6.7), blocked and incubated with anti-GAPDH anti-
body diluted 1:2,000 (MilliporeSigma). In all figures
showing images of gels, the bands for each picture were
obtained from the same gel, although they may have
been spliced for clarity. The images were captured with
ChemiDoc MP Imaging System and analyzed with Image
Lab 6.0.1 Software, both from Bio-Rad Laboratories (USA)
Statistical analysis. Data are reported as mean (standard
error of the mean (SEM)) of at least three independent
experiments. Statistical analyses were performed with
GraphPad Prism 9.3.1 software (GraphPad Software,
USA). Assuming a normal distribution, one-way analysis
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Fig. 5

Monomeric CRP (mCRP) localization in human degenerative and healthy intervertebral disc tissues. Immunohistochemical images showing mCRP protein
presence (brown staining) in: a) human degenerative annulus fibrosus (AF) tissue; b) human healthy AF tissue; and c) human healthy nucleus pulposus (NP)

tissue. Images taken at 60x magnification.

of variance (ANOVA) followed by Fisher’s least significant
difference (LSD) test were employed. As we performed
few planned comparisons, p-values have not been cor-
rected for multiple comparisons; they apply individual-
ly to each value reported and not to the entire family of
comparisons. A p-value less than 0.05 was considered to
be statistically significant.

Results

As shown in Figure 1, mCRP increases IL-6, IL-8, LCN2,
VCAMT1, NOS2, COX2, and MMP13 mRNA expression
and protein levels in cultured human primary AF cells
from patients with IVD degeneration, as confirmed by
RT-gPCR and western blot analysis. The induction of
proinflammatory mediators occured in a dose-dependent
manner after 24 hours.

The upregulation of these inflammatory and catabolic
factors by mCRP was also determined in human primary
AF cells from healthy patients, suggesting that mCRP can
modify the healthy cell status by promoting the devel-
opment of a proinflammatory environment in the IVD
(Figures 2a to 2g). In all the experiments with human
cells, LPS inflammatory stimulus was used as control of
inflammatory induction.

To broaden the scope of our results, we also tested
mCRP activity in HNPSV-1, a cell line derived from human
NP cells that maintains the original architecture of the
cells and their gene expression profile.? Figure 3 shows
that mCRP at 10 pyg/ml, 25 pg/ml, and 50 pg/ml signifi-
cantly increases IL-6, IL-8, LCN2, VCAM1, PTGS2, and
MMP13 mRNA expression levels, as previously observed
in human primary AF cells. LPS and IL-18, as well-known
inflammatory stimuli, were used as controls of inflamma-
tory induction.

For completeness, to elucidate which mediators might
be implicated in mCRP intracellular signal transduction
in both healthy and degenerative human disc cells, we
analyzed NF-kB signalling pathway upon mCRP chal-
lenge. Healthy or degenerative human primary AF cells
were treated with 50 pg/ml mCRP or 100 ng/ml LPS as
a positive control, for 15 minutes. The results obtained

showed that mCRP induces PI3K phosphorylation,
ERK1/2 phosphorylation, and NF-kB p65 phosphoryla-
tion in healthy AF cells (Figures 4a to 4c) and degenera-
tive AF cells (Figures 4d to 4f).

Finally, we performed immunohistochemical assays to
investigate whether mCRP is located in IVD tissues. We
assessed mCRP presence in human degenerative and
healthy AF and healthy NP tissues, confirming its presence
in physiological state in all of them. As we can observe in
Figures 5a to 5¢, mCRP location is predominantly cyto-
plasmic and perinuclear, being the more intense stain in
the AF, especially in the degenerative tissue, than in the
NP tissue.

Discussion

CRPinits pentamericformis an acute-phase serum protein
and a well-established biomarker in a great number of
infectious and inflammatory diseases, including IVD
herniation.** It has also been evidenced as a mediator of
inflammatory and immune responses in the context of
local tissue injury.?33¢ Serial CRP measures are useful not
only for the follow-up of postoperative infection, but also
for monitoring treatment efficacy and for the detection of
relapses.?”

CRP monomeric isoform, although much less studied,
has been found to have different biological functions
in the inflammatory process. While clarifying its patho-
physiological function needs further investigation, new
insights could be extremely helpful in better under-
standing the inflammatory mechanism and how it works
in the pathogenesis and disease progression.

There is evidence that the inflammatory process plays
an important role in the development of disc degen-
eration, and there is a marked correlation between the
levels of inflammatory markers and the degree of degen-
eration.*® An association has been previously reported
between high-sensitivity CRP (hs-CRP) levels and severe
pain (VAS of > 40).3 Sugimori et al*® found markedly
higher mean hs-CRP levels among patients with lumbar
disc herniation (0.056 mg/dl (standard deviation (SD)
0.076)) than in the control group (0.017 mg/dl (SD
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0.021)); no significant correlation between hs-CRP levels
and herniation level was reported, but those patients
with a higher concentration of hs-CRP before operation
showed a poorer recovery. Of interest, some papers only
quantified CRP levels in the high sensitivity range (i.e.
hs-CRP), describing values below 10 pg/ml. According to
several studies¥* and to the guidance of the USA Food
and Drug Administration (FDA),*® the clinical significance
of such values is questionable.

In cervical disc herniation, pain occurs as a result of
the release of local inflammatory cytokines. The elevated
plasma concentration of IL-6 produced by macrophages
around the IVD tissue increments CRP levels.*° It has
been shown that CRP levels were considerably higher in
patients with cervical disc hernia and neck pain compared
with those patients with neck pain but a normal cervical
magnetic resonance.** A recent study found that plasma
CRP levels in peripheral blood did not differ between
healthy controls and non-herniated IVD degeneration
patients.”'

Recently, it has been demonstrated that only mCRP
originated from local pCRP in the joint compartment
may bind to receptor activator of nuclear factor-kB ligand
(RANKL), neutralizing its activity and downregulating
osteoclast differentiation.>? Ruiz-Fernandez et al* recently
reported the inflammatory effect of mCRP in chondro-
cytes, demonstrating that mCRP triggers a sustained
proinflammatory and catabolic state in OA and healthy
cartilage, and that the NF-kB pathway is involved in its
signal transduction. To demonstrate that this activity
can also be exerted in IVD cells, we tested the effect of
mCRP in primary culture of human AF cells isolated from
patients with IVD degeneration or from healthy subjects.
In order to show that these effects are not exclusive to AF
cells, the human NP immortalized cell line HNPSV-1 was
used as a NP cells model for comparison in order to study
mCRP effects in the whole disc, since NP cells commonly
exhibit chondrocyte-like characteristics.*?

As far as we know, this is the first experimental article
that provides evidence for the functional activity of mCRP
in AF and NP disc cells. To gain further insights into the
action of mCRP and to verify whether this stimulation
can result in sustained proinflammatory effects, we eval-
uated the dose-dependent activity of mCRP in master
inflammatory and catabolic players in IVD degeneration.
IL-8 and IL-6 are two of the proinflammatory cytokines
strongly expressed in IVD degeneration.** In this work,
we explored the ability of mCRP to modulate some of
the most important factors involved in the disc degen-
eration inflammatory and catabolic processes. We also
assessed LCN2, an adipokine implicated in the catabolic
mechanism of IVD degeneration, MMP13, a catabolic
enzyme, and the inflammatory mediators NOS2, cyclo-
oxygenase 2 (COX2), and VCAM1. Nitric oxide synthase
type Il (iNOS) and COX2 are classically involved in the
amplification of inflammatory responses. NO has cyto-
toxic effects, damages the IVD, and is involved in the
upregulation of MMPs, among which MMP13 is one of

the major mediators of ECM degradation. COX2 induces
prostaglandins that in turn increase the synthesis of other
inflammatory mediators, including cytokines, to perpet-
uate tissue destruction. All these mediators are produced
by IVD cells and are elevated in IVD degeneration.>*-°

Our present findings bring out important evidence
regarding the modulation of IVD metabolism and func-
tions exerted by mCRP, as well as the localization of
mCRP in human IVD tissues. First, exposure of AF and NP
cells to mCRP induced multiple proinflammatory genes,
suggesting that its effects are not limited to one specific
molecular target, rather, mCRP has a broader spectrum
of action. The second important point is that the effect
of mCRP is persistent and sustained for at least 24 hours,
regardless of the proinflammatory environment. In fact,
mCRP exerted its action on human primary AF cells
coming not only from patients with IVD degeneration,
but also from healthy subjects. In accordance with this,
we found that mCRP can be localized physiologically
both in healthy NP and AF tissues and, in addition, mCRP
presence seems to increase in the degenerative AF tissue
compared to the healthy one. Our finding suggests that
elevated locally produced levels of mCRP may also trigger
sustained multigenic inflammatory responses in normal
tissues not previously exposed to a proinflammatory
micro-environment, as in the case of AF cells from degen-
erated IVD. Another relevant aspect is that the effects of
mCRP were observed both in AF and NP cells, showing
that mCRP has multiple cell targets. The last important
insight of this work is that mCRP effects in AF cells are
mediated by the NF-kB signalling pathway. We proved
that upon mCRP challenge, PI3K, ERK1/2, and NF-k p65
were phosphorylated. These mediators were activated
in a similar manner both in healthy and degenerative AF
disc cells, confirming that mCRP action does not depend
on a previous inflammatory state.

Our results are in agreement with those obtained by
other groups working with other cell types. Forinstance, it
has been observed in osteoclasts that mCRP acts through
the PI3K signalling pathway.5® Wang et al®' demonstrated
that CRP increases IL-8 gene expression in human umbil-
ical vein endothelial cells (HUVECs). Previous published
results in cartilage showed the proinflammatory effect of
mCRP in chondrocytes, clearly demonstrating that mCRP
triggers a sustained proinflammatory and catabolic state
in OA and healthy cartilage. These results also proved
that NF-k has a role in mCRP signalling in cartilage.
This experimental design and the results observed were
similar to those obtained in IVD cells.

The limited access to primary degenerative and
healthy human disc cells is a limitation of this study.
Further studies involving a larger number of subjects
would be needed to fully understand the role of mCRP in
IVD degeneration pathophysiology.

In conclusion, our present findings provide, for the first
time, evidence of the mCRP localization in healthy and
degenerative IVD tissues, and a novel molecular basis for
the sustained action of mCRP in human AF and NP cells.

BONE & JOINT RESEARCH



MONOMERIC CRP REGULATES INFLAMMATORY RESPONSES IN HUMAN INTERVERTEBRAL DISC CELLS 197

Taken together, these results suggest that mCRP exerts
a lasting catabolic effect by increasing the expression of
inflammatory mediators and proteolytic enzymes, being
able to promote IVD cell breakdown and trigger inflam-
matory responses in healthy and degenerative AF cells
and in the immortalized NP cell line. Altogether, these
molecules can cooperate, resulting in the enhancement
and perpetuation of the ECM-degrading processes at
IVD level. In addition, mCRP by itself can trigger a severe
increase in the expression of inflammatory mediators
in healthy disc cells, suggesting that mCRP has a clear
pathogenic role in disc disease. Our results indicate that
this effect occurs both in AF and NP cells, and so affects
the two main disc cellular compartments. Besides these
findings, further studies on the pathophysiology of mCRP
are needed to completely determine the role of mCRP in
the pathogenesis and progression of IVD degeneration.

Twitter
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