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Calcitonin gene-related peptide can be selected as a predictive
biomarker on progression and prognosis of knee osteoarthritis
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Abstract
Purpose The purpose of this study was to examine calcitonin
gene-related peptide (CGRP) concentrations in serum and sy-
novial fluid of patients with primary knee osteoarthritis (OA)
and healthy controls and to explore their relationship with
clinical and radiographic severity of OA.
Methods Sixty-five patients with primary knee OA and 21
healthy controls were recruited. CGRP concentrations in the
serum and synovial fluid were measured using enzyme-linked
immunosorbent assays. The radiographic severity of OAwas
evaluated using the Kellgren and Lawrence (KL) classifica-
tion. The Western Ontario and McMaster University Osteoar-
thritis Index (WOMAC) was used to assess pain, stiffness and
physical function.
Results Serum and synovial fluid CGRP concentrations
tended to be higher with the increase in KL grades (r=0.565
and r=0.441, P<0.001, respectively), and were significantly
positively correlated with KL grades, total WOMAC score
and each subscale (pain, stiffness and physical function).
Conclusions The result demonstrated that CGRP in serum
and synovial fluid was related to progressive joint damage in
knee OA. CGRP can be selected as a biomarker for monitor-
ing disease severity and could be a predictive role on progno-
sis and progression of knee OA.
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Introduction

Osteoarthritis (OA) is the most common joint-affecting dis-
ease that characterised by the progressive destruction of artic-
ular cartilage, subchondral bone sclerosis or cyst and osteo-
phyte formation at joint margins. Knee joints are most likely
involved and the clinical features of OA include severe pain,
swelling, stiffness, functional limitation and mild, chronic
non-specific synovial inflammation [1]. OA has been reported
as the leading cause of lower extremity disability among older
people with an estimated lifetime risk for knee OA being
approximately 40 % in men and 47 % in women [2].

The diagnosis of OA is generally based on clinical and
radiographic changes, which reflect the severity of disease
by grading the joint destruction [3]. But the clinical severity
of OA does not always accurately correspond to the radio-
graphic performance. In order to identify patients with a high
risk of destructive OA and test the efficacy of drug treatment,
more sensitive techniques than plain X-rays are needed [4].
Recently, more and more researchers have focused on mea-
suring the concentrations of some biomarkers in serum, syno-
vial fluid and articular cartilage in order to judge the severity
and progression of OA, such as interleukin-15 [5], osteopontin
[6], BMP-7 [7] and bradykinin [8].

The aetiology and pathophysiology of OA are still both
poorly understood, though age, gender, genetics, obesity, oc-
cupation, physical activity, knee injuries and so on were
proved to be risk factors [2]. In addition, another important
consensus achieved is that knee OA is an inflammatory dis-
ease different from what we thought before. Many proinflam-
matory cytokines have been reported to contribute to OA
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pathogenesis by increasing the cartilage degradation and
sensitivity to pain via a number of direct and indirect actions
[5, 9, 10].

Calcitonin gene-related peptide (CGRP) is a 37-amino acid
peptide, which is primarily localised to C and A sensory fibres
[11]. These fibres display a wide innervation throughout the
body including synovium of the knee [12], and is known to
have a variety of pro-inflammatory effects via its influence on
immune cells [13]. Raap et al. [14] proved that CGRP pro-
moted the release of IL-6 and IL-8 from synovial fibroblasts in
patients with rheumatoid arthritis. Hernanz et al. [15] identi-
fied that CGRP produced a significant stimulation of IL-1, IL-
6 and TNF-α production by whole blood cells from OA pa-
tients. And Yaraee et al. [16] made similar conclusions.

On the other hand, recent researches have focused on the
influence of CGRP for OA-related pain, which is the major
factor affecting the quality of life and the most complained
about by OA patients. Animal experiments that application of
CGRP-receptor antagonists and gene knock out had con-
firmed that [17–19].

Materials and methods

Study subjects

The present study was approved by the Ethical Committee of
the No. 3 Hospital of Hebei Medical University and was con-
ducted in accordance with the Declaration of Helsinki.Written
informed consent was obtained from the patients and healthy
volunteers prior to their participation in this study.

Sixty-five patients aged 48–77 years with primary kneeOA
(54 women and 11 men; mean age 61.8±6.8 years) according
to the criteria of the American College of Rheumatology who
visited our hospital for total knee arthroplasty or knee arthros-
copy were enrolled in the study. We also recruited 21 gender-
and age-matched volunteers (17 females and four males; mean
age 59.1±6.6 years) with normal knee radiographs as controls.
All participants were excluded on the basis of having serious
cardiovascular disease, diabetes, rheumatoid arthritis, post-
traumatic arthritis, previous joint infection, history of taking
painkillers in three months, other types of arthropathy, and his-
tories of corticosteroids medication. Patients with any kind of
systemic inflammatory or autoimmune disorder, or any type of
malignant or chronic illness, were not included in this study.

Radiographic grading of OA

The severity of the disease was determined using weight-
bearing anteroposterior radiographs of the affected knee. Knee
radiographs were evaluated according to the Kellgren and
Lawrence (KL) classification: grade 0, no X-ray changes;
grade 1, doubtful narrowing of joint space and possible

osteophyte lipping; grade 2, definite osteophytes and possible
narrowing of joint space; grade 3, moderate multiple
osteophytes, definite narrowing of joint space, some sclerosis
and possible deformity of bone contour; grade 4, large
osteophytes, remarkable narrowing of joint space, severe scle-
rosis and definite deformity of bone contour [20]. OA patients
were defined as having radiographic knee OA of KL grade≥2
in at least one knee, and controls as having KL grades of 0.
The grading scale used for analysis was the higher one of the
two knees.

Severity evaluation of OA

The functional condition and pain severity of each patient
were evaluated using the Western Ontario McMaster Univer-
sity Osteoarthritis Index (WOMAC) score when the patients
admitted to hospital. TheWOMAC score was used to evaluate
self-reported pain, knee stiffness and physical function of OA.
Five questions were asked about the severity of pain they felt
owing to the knee OA during the following activities: walking
on flat ground, walking up and down the stairs, staying in bed
at night, sitting or lying, and standing upright. For stiffness,
two questions were asked about the severity of stiffness when
first awakening in the morning and later after some activities
like sitting or resting. Seventeen questions about the difficulty
of activities in daily living were asked to assess physical func-
tion of knee joint. Each question was scored according to the
degree of difficulty to complete the actions or pain severity
from 0 (none) to 4 (extreme) [21]. A higher WOMAC score
means poorer physical function and greater pain [21]. The
data were arranged according to the KL grade, and the corre-
lations between the subgroup were analysed. Correlations be-
tween the CGRP concentrations and WOMAC score were
also analysed.

Laboratory examinations

One to two millilitres of synovial fluid was aspirated from the
affected knee using the sterile knee puncture technique prior to
surgery, and centrifuged to remove cells and joint debris. The
specimen was stored immediately at −80 °C until the day of
measurement. Synovial fluid was not extracted from the
healthy controls due to ethical concern. Venous blood samples
were collected from the antecubital vein of all participants in
the fasting state at 7.00-7.30 a.m. one day before surgery.
After clotting, centrifuged to remove cells and debris, the
resulting serum was removed and stored at −80 °C until used.
Double-blind quantitative detection of CGRP in serum and
synovial fluid were measured using commercially available
sandwich enzyme-linked immunosorbent assay (ELISA) kits
(Phoenix Pharmaceuticals, Belmont, CA, USA) according to
the manufacturer’s protocol.
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Statistical analysis

Statistical analysis was carried out with the Statistical Package
for Social Sciences (IBM SPSS, New York, USA) software,
version 19.0 for Windows. The normality of continuous var-
iables was assessed using the Kolmogorov-Smirnov test. Dif-
ferences between the two groups were analysed using un-
paired t-test, Mann–Whitney U test, chi-squared test when
appropriate. Differences among groups were analysed by
one-way analysis of variance (ANOVA), followed by Tukey
post hoc analysis, Kruskal-Wallis analysis or chi-squared test
when appropriate. Spearman rank correlation coefficient was
calculated to determine the relationship between CGRP con-
centrations in serum/synovial fluid and KL grades/WOMAC
scores. Multivariate linear regression modelling was used to
evaluate the independent predictors of WOMAC total scores,
pain score, stiff score and physical function score. All values
are expressed as mean ± standard deviation (SD). P values<
0.05 (two-tailed) were considered statistically significant.

Results

Baseline clinical characteristics

The baseline clinical data of the healthy controls and OA pa-
tients were shown in Table 1. The OA patients and controls
were similar in age (61.2±6.8, 47–77 vs 59.1±6.6, 47–
75 years), gender (11/54 in patients, 4/17 in controls) and body
mass index (BMI) (26.8±3.4, 18.7–35.9 vs 26.1±2.3, 21.7–
32.5 kg/m2). According to the Kellgren and Lawrence (KL)
classification, 17 patients were KL grade 2, whereas 22 patients
were KL grade 3 and 26 patients were KL grade 4. There was
also no significant difference in baseline clinical characteristics
among the subgroup based on KL grade (P>0.05).

The CGRP concentrations in serum and synovial fluid

As shown in Fig. 1, OA patients had higher serum CGRP
concentrations compared with healthy controls (2.43±0.74
vs 1.95±0.69 ng/mL, P=0.006). CGRP concentrations in

synovial fluid were significantly lower than in paired serum
samples (1.24±0.51 vs 2.43±0.74 ng/mL, P<0.001). And, it
also showed a positive correlation between serum CGRP con-
centration and synovial fluid CGRP concentration (r=0.606,
P<0.001) (Fig. 2). Serum and synovial fluid CGRP concen-
trations of subgroups based on KL grade and healthy controls
are shown in Table 2. The serum CGRP concentration of KL
grade 2 was 1.90±0.33 ng/mL; for KL grade 3, 2.33±0.82 ng/
mL; for KL grade 4, 2.87±0.61 ng/mL. The healthy controls
were 1.95±0.69 ng/mL. These results showed that serum
CGRP concentration in KL grade 4 was significantly higher
than KL grades 2 and 3, and also the controls (P<0.001).
Additionally, serum CGRP concentration in KL grade 3 was
higher than in KL grade 2 and healthy controls, but the differ-
ence was not statistically significant. The synovial fluid
CGRP concentration of KL grade 2 was 0.99±0.34 ng/mL;
KL grade 3, 1.16±0.34 ng/mL; KL grade 4, 1.47±0.63 ng/
mL. The data demonstrated that synovial fluid CGRP concen-
tration tended to be higher with the increease in KL grade, the
difference between KL grade 4 and KL grades 2 and 3 was
statistically significant (P<0.05), whereas the difference be-
tween KL grade 2 and KL grade 3 was not.

Correlation of CGRP concentrations with KL grades
and WOMAC scores

We analysed the correlation between CGRP concentrations in
serum and synovial fluid and KL grades of OA. In knee OA
group, CGRP concentrations in serum and synovial fluid were

Table 1 Characteristics of knee
OA patients and controls Patient group

Control group Total KL grade 2 KL grade 3 KL grade 4
Characteristic n=21 n=65 n=17 n=22 n=26

Age, years 59.1±6.6 61.2±6.8 59.1±6.4 61.9±6.2 63.6±7.1

Sex, male/female 4/17 11/54 6/11 2/20 3/23

BMI, kg/m2 26.1±2.3 26.8±3.4 26.4±3.3 25.7±2.7 28.2±3.6

Data are expressed as mean±SD

BMI Body mass index, KL Kellgren and Lawrence
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Fig. 1 CGRP concentrations in serum and synovial of patients with OA
and healthy controls
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significantly correlatedwith KL grades respectively (r=0.565,
P<0.001; r=0.441, P<0.001, respectively) (Figs. 3 and 4).

We further examined the correlations between the CGRP
concentrations in serum and synovial fluid and the WOMAC
score. Serum CGRP concentration and synovial fluid CGRP
concentration respectively presented a significant positive cor-
relation with the total WOMAC score and with each subscale
(pain, stiffness and physical function). The precise statistical
values are shown in Table 3.

Multinomial logistic regression analysis demonstrated that
CGRP concentrations in serum and synovial fluid were cor-
related with KL grades andWOMAC score after adjusting for
other variables such as age, BMI and gender (P<0.001).

Discussion

In this research, we examined the relationship between serum/
synovial fluid CGRP concentrations and WOMAC score and
radiographic severity of patients with primary knee OA. This
study provides evidence that CGRP concentrations in serum
and synovial fluid were both positively correlated with
WOMAC total score, pain score, stiffness score, physical
function score and radiographic severity of knee OA patients.
It means that higher concentrations of CGRP in serum and

synovial fluid are indicative of worsening pain, more severe
stiffness and poorer physical function, and are usually associ-
ated with more serious image presentations in knee OA pa-
tients. It indicated that CGRP in serum and synovial fluid
might predict clinical severity for OA patients.

Biomarkers could reflect physical condition and symptoms
of patients and predict the progression and prognosis of dis-
ease. Besides, one reliable biomarker that can accurately pre-
dict the severity of disease should be chosen based on the
pathophysiological process of OA. In other words, biomarkers
are usually involved in the development of knee OA; this also
provides new and potential targets for OA interventions [22].
Although the exact cause of OA is still uncertain, there is
growing evidence that inflammation plays a key role in the
development and progression of the disease. Previous studies
have confirmed a clear correlation between the progression of
cartilage damage and the presence of a reactive or inflamma-
tory synovial membrane [23–25]. Therefore, inflammation-
related cytokines are explored for the potential role as OA-
related biomarkers owing to the inflammatory nature of the
disease [10, 25, 26]. Apart from the above mentioned factors,
macrophage migration inhibitory factor (MIF) [27],
interleukin-10 [28], interleukin-8 [29] and connective tissue
growth factor [30], have also been shown to be potential

Table 2 CGRP concentrations in
serum from control subjects, and
serum and synovial fluid samples
from patients with primary knee
osteoarthritis and WOMAC score
of participators

Patient group

Control group Total KL grade 2 KL grade 3 KL grade 4
CGRP, ng/ml n=21 n=65 n=17 n=22 n=26

Serum 1.95±0.69 2.43±0.74 1.90±0.33 2.33±0.82 2.87±0.61

Synovial fluid NT 1.24±0.51 0.99±0.34 1.16±0.34 1.47±0.63

WOMAC score NT 33.94±15.72 15.35±6.20 32.32±8.85 47.46±10.72

Data are expressed as mean±SD

NT not tested, WOMAC Western Ontario and McMaster University Osteoarthritis Index

Fig. 3 Serum CGRP concentration correlated with severity of OA (r=
0.565, P<0.001)

Serum

Fig. 2 Scattergram showing the positive correlation between serum and
synovial fluid CGRP concentrations in OA patients (r=0.606, P<0.001)
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biomarkers for knee OA, and are associated with severity and
clinical symptom of OA.

CGRP is one kind of major pro-inflammatory sensory neu-
ropeptide. Sensory neurons expressing CGRP innervate most
joint structures, particularly on the synovial membrane, liga-
ments and subchondral bone [12, 19, 31]. The peripheral sen-
sory nervous system will release neuropeptides in local sur-
roundings when acute and chronic inflammatory processes
occur. And neuropeptides play an important role in modulat-
ing of inflammation. A wealth of studies showed that CGRP
promoted the production of pro-inflammatory cytokines. The
study of Yaraee et al. [16] indicated that CGRP enhanced the
secretion of IL-1β and tumour necrosis factor (TNF) by HSV-
infected and uninfected macrophages. IL-1β is over-
expressed duringOA in the cartilage, as well as in the synovial
tissue [32]. TNF-α was proved to promote resorption and
inhibit the synthesis of proteoglycan in cartilage [32]. Raap
et al. [14] found the phenomenon that CGRP evoke the release
of IL-6 and IL-8 from synovial fibroblasts in patients with
rheumatoid arthritis. Dallas et al. [33] proved that CGRP is
able to induce an up-regulation of IL-1α, TNF-α and IL-8
production in cultured human keratinocytes. IL–1β and TNF
are considered as the main proinflammatory cytokines that are
involved in the pathophysiology of OA [10], and they also
induce the production of IL-6 and IL-8. These cytokines exert
the effect on chondrocytes by up-regulating the expression of
the MMP family of catabolic enzymes such as MMP-1, 3 and
13 that induce extracellular matrix degradation and digest ex-
tracellular matrix in the process of OA [32, 34–36]. Therefore,
CGRP may contribute to the development and progression of

OA indirectly by promoting the release of inflammatory cyto-
kines, and inducing a chain reaction of inflammation.

On the other hand, CGRP is associated with pain transmis-
sion, pain modulation and plays an important role in OA-
related pain. The study showed that the expression of
CGRP-positive and Substance P-positive neurons in the joints
of OA patients is increasing, which revealed the potential
function of neuropeptides in the painful degenerative joint
disease [12, 37]. The study of Craig et al. [18] showed that
CGRP was able to acutely sensitise the responses of joint
nociceptor to stimulation of the knee joint, and it also certified
that the CGRP knockout mice reduced nociceptive hypersen-
sitivity [17]. Benschop et al. [38] conducted a study that there
was a dose-dependent and time-dependent effect of antibody
to CGRP on pain-related behaviour and it may be useful to
alleviate pain in a patient with knee OA. Additionally, the role
for CGRP in OA pain was implied by a phenomenon that an
increased innervation density of CGRP-positive nerve fibre is
only seen in hip joints suffering fromOA-pain and not in non-
painful joints [37]. Also, it is known that CGRP contributes to
the generation of migraine pain, and recent research also
showed that CGRP antagonist was useful for the treatment
and prevention of migraine [39], and effectively reduced the
pain. Bullock and Kelly [31] pointed out the view that similar
to migraine, elevated levels of CGRP, activation of peripheral
neurons and peripheral sensitisation are all features of OA,
prompting the vital function of CGRP in OA-related pain.

In this study, several potential limitations should be taken
into account. Firstly, our study was based on a relatively small
size of patients who visited our hospital, so multi-centre pro-
spective longitudinal study with a larger population is needed
to further confirm the results. Secondly, it was not possible to
extract synovial fluid from healthy controls because of ethical
concerns, which may induce some potential bias. Thirdly,
WOMAC score is a subjective rating, so the results may be
affected by subjects’ personal factors such as education level
and so on. Fourthly, synovial fluid samples may be polluted
when extract from the knee with aspirations technique though
we had take all efforts to avoid it, which may confound the
results.

In summary, this study showed that patients with primary
knee OA had elevated concentrations of serum and synovial
fluid CGRP compared with healthy controls, meanwhile
CGRP concentrations tend to be higher with the increase in
KL grade. The study also demonstrated that increased CGRP

Table 3 Statistical data for
correlation coefficients between
serum or synovial fluid CGRP
concentration and total WOMAC
score or each subscale (pain,
stiffness and physical function)

Total WS WS-Pain WS-Stiffness WS-Physical function

Serum CGRP concentration r=0.554* r=0.585* r=0.510* r=0.500*

Synovial fluid CGRP concentration r=0.426* r=0.524* r=0.386* r=0.379*

WSWOMAC score
*P<0.001

Fig. 4 Synovial fluid CGRP concentration correlated with severity of
OA (r=0.441, P<0.001)
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concentrations were independently correlated with worsening
pain, more severe stiffness and poorer physical function in
knee OA patients. All results in this study suggest that CGRP
is involved in the progression of knee OA and might play a
vital role in the pathogenesis of OA. CGRP can be selected as
a biomarker for determining disease severity and could predict
the progression of knee OA. It also provides a potential ther-
apeutic target to delay the progression and relieve the symp-
toms of OA, which need further systematic investigation.
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