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the diagnosis of osteoarthritis
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Abstract: Objective: This study aimed to investigate the correlation of FGF-2 and RANKL with the disease activity in 
patients with osteoarthritis (OA) and their changes in treatment. Methods: In total, 80 patients with OA were enrolled 
in the study group (SG). They were treated in our hospital from May 2017 to November 2018. In addition, 80 healthy 
examinees in the same period were included as a control group (CG). The patients in SG were given glucosamine 
sulfate. The severity and efficacy were assessed with Western Ontario and McMaster Universities Arthritis Index 
(WOMAC) and visual analogue scale (VAS). The levels of serum FGF-2 and RANKL were tested with enzyme-linked 
immunosorbent assay (ELISA). The correlation was analyzed by Pearson method. The diagnostic value of serum 
FGF-2 and RANKL levels in OA was analyzed with receiver operating characteristic curve (ROC). Results: WOMAC 
and VAS scores in SG decreased after treatment (P < 0.05). The FGF-2 and RANKL levels in SG were higher than 
those in CG before and after treatment (P < 0.05). The FGF-2 and RANKL levels in SG decreased after treatment (P < 
0.05). Both the FGF-2 level and RANKL level were positively correlated with the WOMAC score (r = 0.539 and 0.565 
respectively, P < 0.05). The FGF-2 and RANKL levels in SG increased with the increase of K-L classification. The 
sensitivity and specificity of FGF-2 for diagnosis of OA were 70.00% and 91.25%, respectively. For RANKL, they were 
81.25% and 80.00%, respectively. For FGF-2 combined with RANKL, the sensitivity was 86.25% and specificity was 
85.00%. The FGF-2 level had a positive correlation with the RANKL level (r = 0.551, P < 0.05). Conclusions: Serum 
FGF-2 and RANKL can be used as biological indicators for the diagnosis of OA, assessment of disease severity and 
evaluation of therapeutic effect.
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Introduction

Osteoarthritis (OA) is the most common degen-
erative disease in the joints. Its high prevalence 
and relevant body injury are the main causes of 
disability in the world [1]. OA is characterized by 
cartilage degeneration and loss, bone changes 
around the joint, osteophyte formation and 
subchondral osteosclerosis. These symptoms 
eventually lead to chronic exercise related pain 
and physical disability [2]. More than 24 million 
people worldwide suffer from these symptoms. 
Large amounts of health care resources and 
costs are consumed worldwide due to OA [3]. At 
present, the pathogenesis of OA has not been 
clarified. Therefore, there is lack of effective 
means for diagnosis of early OA clinically [4]. 
Currently, traditional radiography is considered 
to be the gold standard for diagnosis of OA. 
However, it is unable to test the early stages of 
OA, or monitor OA progression over time [5]. 

Therefore, many patients have had ongoing 
symptoms when diagnosed with OA. The com-
mon symptoms include joint pain, morning stiff-
ness, bradykinesia, reduced rest, etc. Joint dys-
function may also occur in patients with severe 
OA. As a result, early treatment and diagnosis 
of OA is important for OA patients. 

New and sensitive biomarker tools are needed 
to develop a strategy for prevention of OA. So 
they can detect the disease prior to the chang-
es in cartilage structure and function. In addi-
tion, they must have good prospects in improv-
ing the development of OA drugs. Therefore, 
more and more research scholars have shown 
great interest in OA biomarkers [7]. Fibroblast 
growth factor (FGF) family is involved in various 
developmental and pathological processes of 
human body. The family consists of 22 mem-
bers, including FGF-2 [8]. FGF-2 is a soluble 
heparin-binding polypeptide. It shows multiple 
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effects in many tissues, including mitosis, cell 
migration, cell differentiation and many devel-
opmental processes [9]. FGF and its receptor 
(FGFR) play an important role in cartilage 
homeostasis and OA progression [10]. A study 
has shown the protective effect of IGF-I/FGF-2 
co-overexpression on adjacent articular carti-
lage [11]. Another study has shown that the 
expression level of serum FGF-2 is significantly 
correlated with the severity of OA. It indicates 
that the FGF-2 expression may be used as  
a biological indicator reflecting the severity of 
OA [12]. Receptor activator of NF-kB ligand 
(RANKL) is a member of the tumor necrosis fac-
tor superfamily. A molecular triplet consists of 
RANKL, osteoprotegerin (OPG)/receptor activa-
tor of nuclear factor κβ. It represents the key 
cytokine system for regulating bone metabo-
lism [13]. Both matrix cells and osteoblasts can 
express RANKL and OPG. They are also involved 
in the migration, proliferation and apoptosis of 
osteoclasts [14, 15]. A study has shown that 
the expression of RANKL is up-regulated in the 
cartilage of patients with OA [16]. Another study 
has also shown that the expression of RANKL is 
remarkably correlated with joint pain and joint 
bone degeneration [17].

Previous studies on FGF-2 and RANKL mainly 
focused on the OA articular cartilage tissue. 
The value of serum FGF-2 and RANKL in the 
diagnosis of OA is less studied. The expression 
of serum FGF-2 and RANKL in patients with OA 
was tested in this study. Thus, the diagnosis 
value of serum FGF-2 and RANKL in OA and 
their effect on disease assessment and effica-
cy evaluation were investigated.

Materials and methods

General information

We had 80 patients with osteoarthritis (OA)  
in our hospital from May 2017 to November 
2018 who were enrolled in the study group 
(SG). According to Kellgren-Lawrence (K-L) [18] 

classification: 22, 23, 19 and 16 patients were 
respectively categorized as class I, class II, 
class III and class IV. The inclusion criteria we- 
re as follows: the patients in SG met the 
Diagnostic Criteria for Osteoarthritis of the 
American College of Rheumatology [19]; aged 
40-60; received treatment for the first time. 
The exclusion criteria are shown below: patients 
with communication disorders; patients with 
malignant tumors; patients with severe renal 
and liver dysfunction; patients with incomplete 
clinical data, used anti-inflammatory drugs, 

cartilage protective drugs or painkillers for a 
long time; with contraindications for the study 
drugs; any woman who is pregnant or nursing. 
In addition, 80 people who came to our hospital 
for a health check at the same time were 
recruited as the control group (CG). All patients 
and their relatives were informed of the study 
process and signed the informed consent. This 
study was approved by the medical ethics  
committee of the First People’s Hospital of 
Fuyang Hangzhou.

Treatment methods

The patients in SG were treated with oral glu-
cosamine sulfate capsules (purchased from 
Zhejiang Haizheng Pharmaceutical Co., Ltd., 
GYZZ: H20041316). The drug was taken with 
meals, 0.25 g-0.5 g each time, 3 times a day  
for 3 months. If the symptoms could not be  
controlled well, indomethacin (Jilin Meilun Ph- 
armaceutical Co., Ltd., China, National Drug 
Standard: H20036853) would been added for 
treatment (25 mg each time, 3 times/d).

Collection of serum samples

Five mL of intravenous blood from patients  
in both groups under fasting condition in the 
morning was used. The blood in the SG was  
collected before and after treatment. The col-
lected blood was placed in a water bath at  
a constant temperature of 37°C. After 30 min, 
the samples were repeatedly centrifuged. The 
supernatant was separated and preserved in a 
-70°C freezer.

Test of FGF-2 and RANKL

The serum was removed from the freezer, 
thawed in a 4°C refrigerator, and then com- 
pletely thawed at room temperature. The levels 
of FGF-2 and RANKL were tested with enzyme-
linked immunosorbent assay (ELISA). The te- 
st was performed strictly in accordance with 
the instructions for use of FGF-2 ELISA (pur-
chase from USCNK, China, CEA551Hu-1) kit 
and human RANKL ELISA (purchased from 
USCNK, China, SEA855Hu-1) kit. Sample well, 
standard well and blank wells were set up. No 
enzyme-labeled reagent or sample was added 
to the blank well. One hundred µl of sample or 
standard was added to the wells. After mixing 
well, the ELISA plate was covered with laminat-
ing film. Incubation was performed at 37°C for 
2 h. The liquid in each well was removed. After 
being dried, all wells were given 100 µl of work-



Correlation of FGF-2, RANKL with disease activity in patients

2228 Int J Clin Exp Med 2020;13(4):2226-2233

ing solution and covered with laminating film. 
Incubation was performed at 37°C for 1 h. The 
liquid was removed from each well. After being 
dried, the plate was washed with cleaning solu-
tion 3 times. All wells were given 100 µl of work-
ing solution B correspondingly and covered 
with laminating film. The resulting substance 
was incubated at 37°C for 1 h. The liquid in 
each well was discarded. After being dried, the 
plate was washed with cleaning solution 3 
times. Then, 90 µl of substrate solution was 
added to each well. The wells were covered 
with laminating film. Color development was 
performed for 10-15 min at 37°C in a dark 
place. Finally, 50 μl of stop solution was added 
to stop the reaction. The OD at 450 nm was 
detected with multifunctional ELIASA (pur-
chased from BioTek, U.S., type: DLK0001622). 
The levels of FGF-2 and RANKL were cal- 
culated.

Outcome measures

The pain, stiffness and joint function in the SG 
before and after treatment were evaluated with 

Western Ontario and McMaster 
Universities Arthritis Index (WO- 
MAC) [19], including 5 pain items, 
2 stiffness items, and 17 joint 
function items. The higher the 
WOMAC score was, the more seri-
ous the arthritis was. The evalua-
tion criteria were as follows: < 80, 
80-120 and > 120 points were 
respectively mild, moderate and 
severe. 

VAS [20] was adopted to evaluate 
the pain degree in the SG before 
and after treatment. A range from 
0 to 10 points represented no pain 
and the most severe pain. The hi- 
gher the VAS score was, the worse 
the pain degree was. The inci-
dence of complications was ob- 
served, including respiratory con-
vulsions, laryngeal edema, wound 
infection and bleeding. 

Statistical analysis

SPSS 20.0 (IBM Corp, Armonk, NY, 
USA) was used for statistical analy-
sis. The figures were plotted with 
GraphPad Prism 7. The measure-
ment data were expressed with 
mean ± standard deviation (x ± s). 

Table 1. Comparison of general information ([n (%)], x ± sd)

Group Control Group 
(n = 80)

Study Group 
(n = 80) χ2/F P

Gender 1.129 0.288
    Male 25 (31.25) 19 (23.75)
    Female 55 (68.75) 61 (76.25)
Age (years) 43.38±10.78 45.55±12.11 1.197 0.233
Weight (kg) 63.38±11.58 61.38±13.78 0.994 0.322
Smoking history 1.758 0.185
    Yes 48 (60.00) 56 (70.00)
    None 32 (40.00) 24 (30.00)
Residence 1.616 0.204
    City 40 (50.00) 48 (60.00)
    Country 40 (50.00) 32 (40.00)
Educational level 1.225 0.268
    ≥ High school 36 (45.00) 43 (53.75)
    < High school 44 (55.00) 37 (46.25)
Eating habits 0.238 0.625
    Light 51 (63.75) 48 (60.00)
    Spicy 29 (36.25) 32 (40.00)
Whether to drink or not 1.162 0.281
    Yes 24 (30.00) 18 (22.50)
    No 56 (70.00) 62 (77.50)
Marital status 2.345 0.310
    Married 71 (88.75) 64 (80.00)
    Unmarried 7 (8.75) 12 (15.00)
    Widowed 2 (2.50) 4 (5.00)

T test was used for comparison of measure-
ment data between the two groups. Paired 
t-test was used for the comparison between 
before and after treatment in the group. The 
enumeration data were compared with Chi-
squared test. The diagnostic efficacy of serum 
FGF-2 and RANKL was evaluated with receiver 
operating curve (ROC). The correlation was ana-
lyzed with Pearson correlation coefficient. P < 
0.05 implied significant difference. 

Results

Comparison of general information

There was no difference in gender, age, weight, 
smoking history, residence, education level, 
eating habits, alcoholism, marital status and 
other general information between the two 
groups (P > 0.05) (Table 1). 

Comparison of changes in WOMAC and VAS 
scores 

After treatment, the WOMAC score in the SG 
reduced from (123.23±22.94) to (71.36±17.23) 



Correlation of FGF-2, RANKL with disease activity in patients

2229 Int J Clin Exp Med 2020;13(4):2226-2233

points (P < 0.05). The VAS score decreased 
from (6.21±1.04) to (3.63±1.78) points (P < 
0.05) (Table 2; Figure 1).

Comparison of serum FGF-2 and RANKL levels

There were no significant differences in serum 
FGF-2 and RANKL levels between the two 
groups before and after treatment (P > 0.05). 
The levels of serum FGF-2 and RANKL in the SG 
were significantly higher than those in the CG 
before and after treatment (P < 0.05). In SG, 
the levels of serum FGF-2 and RANKL after 
treatment were significantly lower than those 
before treatment (P < 0.05) (Table 3; Figure 2).

Correlation between serum FGF-2 and RANKL 
levels before treatment and WOMAC in SG

The Pearson analysis showed that both the 
serum FGF-2 level and the RANKL level were 
positively correlated with the WOMAC score (r = 
0.539 and 0.565 respectively, P < 0.05) (Figure 
3). 

FGF-2 and RANKL levels in patients with differ-
ent K-L classifications in SG

Compared with class I patients, the FGF-2 and 
RANKL levels in class II, III and IV patients in  
SG increased (P < 0.05). The levels in class III 
and IV patients were higher than class II pa- 

tient in SG (P < 0.05). The lev-
els in class IV patients in- 
creased more than those in 
class III patients (P < 0.05). 
The levels of serum FGF-2 and 
RANKL in SG increased with 
the increase of K-L classifica-
tion (Figure 4). 

Diagnostic efficacy of serum 
FGF-2 and RANKL levels in 
OA

The ROC curve of serum 
FGF-2 and RANKL levels was 
plotted. For serum FGF-2 in 
diagnosis of OA, the AUC, cut-
off value, sensitivity and spec-
ificity were respectively 0.840 
(95% CI: 0.777-0.903), 22.54 
ng/L, 70.00% and 91.25%. 
For serum RANKL, they were 
accordingly 0.850 (95% CI: 
0.789-0.911), 136.63 ng/L, 

81.25% and 80.00%. For FGF-2 combined with 
RANKL, they were correspondingly 0.905 (95% 
CI: 0.8572-0.953), 0.421, 86.25% and 85.00% 
(Figure 5).

Correlation between serum FGF-2 level and 
RANKL level

Pearson analysis showed that the level of 
serum FGF-2 was positively correlated with the 
level of serum RANKL before treatment (r = 
0.551, P < 0.05). The level of serum FGF-2 was 
also positively correlated with the level of se- 
rum RANKL after treatment (r = 0.581, P < 
0.05) (Table 4, Figure 6).

Discussion

OA is considered to be joint failure. This is the 
result of a complex interactive disease pro-
cesses in multiple joints and periarticular struc-
tures [21]. According to the national health 
interview survey data of the U.S., an estimated 
14 million people suffer from symptomatic 
knee OA (kOA) [22]. With the increasingly seri-
ous trends of aging and obesity in the popula-
tion, the morbidity of OA and the incidence of 
joint replacement are also increasing [23]. At 
present, radiography is often used for the diag-
nosis of OA. However, it is ineffective in testing 
and monitoring the biochemical changes in 
joint tissues. Therefore, finding OA related bio-

Table 2. Comparison of changes in WOMAC and VAS scores before 
and after treatment in SG (n = 80, x ± sd)
Group Before Treatment After Treatment t P
WOMAC score 123.23±22.94 71.36±17.23 16.171 < 0.001
VAS score 6.21±1.04 3.63±1.78 11.194 < 0.001

Figure 1. Comparison of changes in WOMAC and VASC scores in study group 
(SG). Comparison of WOMAC score before and after treatment in SG (A). 
Comparison of VAS score in SG (B).



Correlation of FGF-2, RANKL with disease activity in patients

2230 Int J Clin Exp Med 2020;13(4):2226-2233

Table 3. Comparison of the level of serum FGF-2 and RANKL between the two groups (n = 80, x ± sd)
Group Time Control group Study group t P
FGF-2 (ng/L) Before treatment 16.38±4.76 33.22±6.45 18.790 < 0.001

After treatment 15.89±4.98 24.32±5.56# 10.102 < 0.001
RANKL (ng/L) Before treatment 116.23±28.24 186.23±36.24 13.628 < 0.001

After treatment 112.34±26.19 134.43±32.67# 4.719 < 0.001
Note: #represented comparon with before treatment in the group (P < 0.05).

Figure 2. Comparison of serum FGF-2 and RANKL levels. Comparison of se-
rum FGF-2 level between the two groups (A). Comparison of serum FGF-2 
level (B). Note: compared with the control group (CG), *P < 0.05. N#P < 0.05 
compared with the level before treatment in group, #P < 0.05.

Figure 3. Correlation between serum FGF-2 and RANKL levels and WOMAC 
score in SG before treatment.

Figure 4. Serum FGF-2 and RANKL levels in patients with different K-L clas-
sifications. Level of serum FGF-2 in patients with different K-L classifications 
(A). Level of serum RANKL in patients with different K-L classifications (B). 
Note: compared with class I, aP < 0.05. Compared with class II, bP < 0.05. 
Compared with class III, cP < 0.05.

markers is of great signifi-
cance for the diagnosis and 
prognosis of OA [24].

FGF-2 is the most effective 
angiogenic factor in vivo. It 
also has a clear stimulation 
effect on proliferation and  
differentiation of osteoblasts 
and chondroblasts. Meanwh- 
ile, FGF-2 can promote the 
proliferation and differentia-
tion of matrix stem cells into 
osteoblasts. Thus, the num-
ber of osteoblasts is incre- 
ased. Furthermore, it can also 
stimulate the increase of os- 
teocalcin in osteoblasts. As a 
result, the bone calcification 
is accelerated and the new 
bone formation is increased 
[25]. RANKL is a member of 
tumor necrosis factor cyto-
kine ligand superfamily. It is 
crucially important for differ-
entiation of osteoclasts. RA- 
NKL can regulate the bone 
resorption function and pre-
vent the death of osteoclasts 
[26]. The study of Honsawek, 
et al. [27] has found that the 
levels of FGF-2 in plasma and 
synovia of 35 patients with OA 
were remarkably higher than 
those in normal subjects. The 
increase of FGF-2 level was 
positively correlated with the 
severity of radiology results. 
In the study of El-Fetiany, et 
al. [28], the plasma FGF-2 
level in patients with primary 
knee OA was investigated. 
The correlation with physical 
performance, functional sta-
tus and radiology severity was 
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studied. The results showed that the plasma 
FGF-2 level significantly increased. Mean- 
while, the plasma FGF-2 level was remarkably 
related to the imaging severity assessed by K-L 
classification scale. It was negatively correlated 
with the cartilage thickness of medial and lat-
eral femoral condyles. The study also pointed 
out that FGF-2 may be a useful biochemical 
parameter to reflect the severity of primary 
knee OA. In the study of Zhang, et al. [29], 36 
6-week male SD rats were randomly divided 
into mock surgical group (MSG), OA induction 
group (OAIG) and chitosan oligosaccharide 
(COS) intervention group (COSIG). The results 
found that the expression of OPG and RANKL 
increased in the cartilage of OA model group. In 
addition, compared with the OAIG, the cartilage 
injury was improved in COSIG (scope and class). 
Meanwhile, OPG was high and RANKL was low 
in COSIG. Zhang, et al. pointed out that the 
mechanism of the COS in the treatment of OA is 
related to the regulation of OPG and RANK 
expression. The results in this study showed 
that FGF-2 and RANK were highly expressed  
in serum of patients with OA. The levels  
of serum FGF-2 and RANK showed a posi- 
tive correlation with the WOMAC score. The  
levels increased with the increase of K-L  
classification. The result was similar to that  
in the above-mentioned study. It is further  
concluded that FGF-2 level is a useful bio- 
chemical parameter reflecting the severity of 
KOA. 

At present, there are many ways to manage OA, 
such as drug therapy, surgery, physiotherapy, 
etc. [30]. Glucosamine sulfate is one of the 
first-line drugs for the treatment of OA clinically. 
It controls and improves the symptoms of OA 
[31]. In this study, OA was treated with glucos-
amine sulfate capsules. The results showed 
that the WOMAC sore, VAS score, and FGF-2 
and RANKL levels in SG dramatically decreased 
after treatment. Meanwhile, the FGF-2 and 
RANKL levels were positively correlated with 
the WOMAC score. It indicated that FGF-2 and 
RANKL may be biological indicators for evaluat-
ing the therapeutic effect in patients with OA. 
For the diagnosis of OA, there is lack of objec-
tive and accurate diagnostic equipment and no 
biomarker. Therefore, it is of great significance 
to explore the biomarkers [32]. In this study, the 
value of serum FGF-2 and RANKL in diagnosis 
of OA was further confirmed. The ROC curve 
results found that the sensitivity and specificity 
of serum FGF-2 in the diagnosis of OA were 
70.00% and 91.25% respectively. Serum RA- 
NKL were 81.25% and 80.00% accordingly. 
FGF-2 combined with RANKL were 86.25% and 
85.00% correspondingly. FGF-2 combined with 
RANKL had better sensitivity and specificity in 
the diagnosis of OA. 

In the current study, the Pearson analysis 
showed that the level of serum FGF-2 were  
significantly positively correlated with the level 
of serum RANKL before and after treatment. 
Meanwhile, the serum FGF-2 and RANKL levels 
were positively correlated with the WOMAC 
score. It indicated that there may be a synergis-
tic relationship between FGF-2 and RANKL. 
They jointly promote the development of OA. 
However, this study is only one clinical trial. The 
specific relationship between FGF-2 and RANKL 
is not understood in depth. 

The subjects were screened strictly in accor-
dance with the inclusion and exclusion criteria 
in this study. As there was no remarkable differ-
ence in gender, age, weight, smoking history, 
residence, education level, eating habits, alco-
holism, marital status or other general informa-
tion between the two groups, the rigor and  
reliability of the study was ensured. Although it 
was confirmed that serum FGF-2 and RANKL 
had the potential to diagnose and evaluate  
the development of OA in this study, there are 
still some limitations. For example, the specific 

Figure 5. Diagnostic efficacy of serum FGF-2 and 
RANKL levels in OA.
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relationship between FGF-2 and RANKL is  
not understood deeply. Furthermore, the study 
time and the number of samples are limited. In 
the future study, we will make up for these defi-
ciencies. The sample size will be enlarged. The 
study time will be extended. Basic experiments 
will be conducted to investigate the relation-
ship between FGF-2 and RANKL.

In summary, serum FGF-2 and RANKL can be 
used as biological indicators for the diagnosis, 
disease severity assessment and therapeutic 
effect evaluation of OA. 
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