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Abstract. Expression levels of serum cyclooxygenase (COX)-2
and forkhead box O3a (FOXO3a) in patients with rheumatoid
arthritis (RA) and the correlation with disease activity were
investigated. Sixty patients with RA admitted to the People's
Hospital of Guangxi Zhuang Autonomous Region (study
group; 28 active patients and 32 remissive patients), and further
30 healthy subjects undergoing physical examinations during
the same period (control group) were enrolled in this study.
RT-gPCR and enzyme-linked immunosorbent assay (ELISA)
were used to detect the expression levels of COX-2 and
FOXO3a in serum. According to DAS28 score, the patients
were divided into active and remissive patients, between whom
the expression levels were compared. Receiver operating char-
acteristic (ROC) curves were plotted to analyze the diagnostic
values of COX-2 and FOXO3a for disease activity. Pearson's
correlation coefficient was used to analyze the correlation of
the two markers with erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), and DAS28 score. The expression
levels of COX-2 and FOXO3a in active and remissive patients
were significantly higher than those in the control group (both
P<0.05), and those in active patients were significantly higher
than those in remissive patients (both P<0.05). The areas
under the ROC curves (AUCs) of COX-2 and FOXO3a were
0.748 and 0.802, respectively, suggesting that the two markers
have high diagnostic value. The expression levels of COX-2
and FOXO3a were positively correlated with ESR, CRP, and
DAS28 score of active and remissive patients (both P<0.05).
In conclusion, the expression levels of COX-2 and FOXO3a in
patients with RA are upregulated, thus, the two markers may
be involved in the development and progression of the disease.
The expression levels of COX-2 and FOXO3a are related to the
disease activity of RA, and therefore can be used as diagnostic
indicators for the disease activity.
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Introduction

Rheumatoid arthritis (RA), an autoimmune disease caused
by unclear factors, occurs more commonly among females of
30-50 years of age (1). Its incidence in China is 0.2-0.4%, and
its prevalence ratio of male to female is 1:3 (2,3). Clinically,
patients with RA experience systemic inflammatory responses
that cause an imbalance between pro- and anti-inflammatory
cytokines, which results in more immunologic complications
if the patients are not treated in time (4). Although remarkable
progress has been made in the treatment of RA, the specific
mechanism of the disease remains unclear, and the patients
suffer great direct and indirect losses (5). Therefore, it is
necessary for clinical researchers to explore the pathogenesis
of RA and find new therapeutic schemes.

Cyclooxygenase (COX) is an important modulator of pros-
taglandin synthesis and mainly exists as COX-1 and COX-2 (6).
The former is expressed in most tissues and is directly respon-
sible for prostaglandin production (7). The expression of the
latter is extremely low in normal tissues and cells, and is
massively produced by cells only when induced (8). According
to studies, the overexpression of COX-2 inhibits apoptosis (9),
and the expression is closely related to the conditions of
patients with RA (10). Forkhead box O3a (FOXO3a) belongs
to the forkhead family of transcription factors, and its differ-
ential expression is closely associated with the proliferation of
helper T cells (11). There are numerous studies on FOXO3a in
tumors, however, there are few studies on FOXO3a in RA. For
example, FOXO3a controls the development and progression
of tumors by regulating related proteins (PUMA and Noxa)
in lymphocytes and neuroblastoma. The detected FOXO3a
expression can be used as a prognostic marker for patients
with breast cancer (12,13). The dysfunction of FOXO3a aggra-
vates arthritis (14). However, the correlation of FOX0O3a with
patients' disease activity remains unclear.

Therefore, the expression levels of FOX0O3a and COX-2
and their correlation with the disease activity of patients with
RA were explored in this study to provide new targets for the
treatment of the disease.

Patients and methods

Clinical data. Sixty patients with RA admitted to the People's
Hospital of Guangxi Zhuang Autonomous Region (Nanning,
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China) from May 2016 to May 2017 (study group) were enrolled
in this study. The patients consisted of 16 males and 44 females,
with an average age of 60.4+10.7 years. Further 30 healthy
subjects undergoing physical examinations in the hospital during
the same period (control group) were also enrolled. The healthy
subjects had normal biochemical, blood routine, immunological
and microbial indicators, without congenital immunodeficiency.
The study was approved by the Medical Ethics Committee of
the People's Hospital of Guangxi Zhuang Autonomous Region.
Inclusion criteria: Patients who met the diagnostic criteria
for RA of the European League Against Rheumatism of the
American College of Rheumatology in 2009 (15); patients with
complete clinical data; patients who were evaluated by DAS28
score; patients who they or their families were informed and
signed an informed consent form; active patients who were
initially diagnosed; stable patients who had been confirmed
and who were in the remissive stage after treatment. Exclusion
criteria: Patients <18 years of age; patients with tumors; patients
with other congenital immunodeficiency diseases; patients with
congenital defects of heart, lung, or brain; patients who were
unsound on their feet; active patients who had taken hormone
and immunosuppressive drugs before treatment.

Sources of kits. COX-2 enzyme-linked immunosorbent assay
(ELISA) kit (mlbio - Shanghai Enzyme-linked Biotechnology
Co., Ltd.; cat. no. ml062904), C-reactive protein (CRP)
kit (Shanghai Tellgen Life Science Co., Ltd.; BHO31), TRIzol
total RNA extraction reagent (Invitrogen; Thermo Fisher
Scientific, Inc.; 15596018 and N8080234, respectively),
PrimeScript™ RT reagent kit (Takara Bio, Inc.; RR0O37A).
Primer sequences were designed and synthesized by Sangon
Biotech Co., Ltd. PCR instrument (Applied Biosystems;
Thermo Fisher Scientific, Inc.; ABI 7500).

Sample collection. Fasting peripheral venous blood (10 ml)
was respectively extracted from the patients of the study and
the control group, and was distributed into 4 tubes. The blood
in the 3 tubes was allowed to stand for 30 min, and then, it
was centrifuged at 1,509 x g at 25°C for 10 min to collect the
supernatant for subsequent experiments. The blood in the other
tube was detected for erythrocyte sedimentation rate (ESR).

Detection of COX-2. The collected serum was detected using
ELISA. Specific steps were as follows: 50 ul of serum and
sample diluent (1:1), respectively, were added to a 96-well
plate. Blank and standard wells were set up, and 50 ul of
biotin-labeled antibodies were added to each well. The ELISA
plate was sealed, incubated at 37°C for 1 h, and then washed.
Next, streptavidin-HRP monoclonal antibody (80 ul) was
added to each well and after incubation at 37°C for 30 min
the wells were washed. Substrates A and B (50 ul each) were
respectively added to each well and incubation followed at
37°C for 10 min in the dark. Finally, stop solution (50 ul) was
added to each well. Optical density (OD) values at 450 nm
were detected using a microplate reader within 15 min. The
experiment was repeated 3 times to obtain the average value.

Detection of FOXO3a. TRIzol reagent was used to extract
total RNA from the collected serum. UV spectrophotometer
and agarose gel electrophoresis were used to detect its purity,

concentration and integrity. Total RNA was reverse transcribed
using the PrimeScript™ RT reagent kit and cDNA was
collected for subsequent experiments, with the operation steps
carried out according to the manufacturer's instructions. The
specific steps were as follows: 4 ul of 5X RT buffer, 2 ul of
10 mM dNTPs, 0.4 ul of RNasin (40 U/ul), 1 pl of M-MLV-
RTase (200 U/ul), and RNase free H,O was added to a final
volume of 25 ul. The PCR amplification system was as follows:
2 ul of cDNA, each 0.8 ul of upstream and downstream
primers, 10 pl of TB Green Premix Ex Taq II (Tli RNaseH
Plus) (2X), 0.4 ul of ROX Reference Dye or Dye II (50X), and
ddH,O was finally added to a final volume of 20 pul. The
TagMan™ reverse transcription reagent kit was used for TB
Green Premix Ex Taq I (T1li RNaseH Plus) and ROX Reference
Dye or Dye II. The thermocycling conditions were as follows:
Pre-denaturation at 95°C for 30 sec, denaturation at 95°C for
5 sec, annealing and extension at 60°C for 34 sec, for 40 cycles.
Each sample was provided with 3 identical wells, and the
experiment was carried out 3 times. GAPDH was used as an
internal reference and 2“4 was used to analyze the data (16).
The upstream and downstream primers of FOXO3a were
5'-AAGCCAGCTACCTTCTCTTCCA-3' and 5'-CTGGCT
AAGTGAGTCCGAAGTGA-3', respectively, and of GAPDH
were 5'-CACCCACTCCTCCACCTTTG-3' and 5-CCACCA
CCCTGTTGCTGTAG-3', respectively.

Detection of ESR and CRP. ESR was detected by an automatic
ESR analyzer (Vital Diagnostics), and CRP was detected by a
Hitachi 7600 fully automatic biochemical analyzer (Hitachi,
Ltd.) using immune nephelometry, in strict accordance with
the manufacturer's instructions.

Observational indices. Main observational indices: The expres-
sion levels of serum COX-2 and FOXO3a in the control and
study groups were observed. According to the DAS28 score,
the patients were divided into active and remissive patients
(=2.6 points for active stage and <2.6 points for remissive stage),
between whom the expression levels were compared.

Secondary observational indices: Receiver operating char-
acteristic (ROC) curves were plotted to analyze the diagnostic
values of COX-2 and FOXO3a for disease activity. Pearson's
correlation coefficient was used to analyze the correlation of
the two markers with ESR, CRP, and DAS28 score.

Statistical analysis. SPSS 20.0 (Cabit Information Technology
Co., Ltd.) was used to statistically analyze the data. GraphPad
Prism 7 (Softhead, Inc.) was used to plot figures. Count data
were expressed as percentage (%), analyzed by Chi-square
test, and represented by x*. Kolmogorov-Smirnov test was
used to analyze the data distribution. Measurement data were
expressed by mean + standard deviation (means + SD). The data
conforming to normal distribution were analyzed by indepen-
dent samples t-test, and represented by t. Comparison between
multiple groups was made by one-way analysis of variance and
represented by F. Pairwise comparison between groups was
analyzed by univariate LSD-t test. Pearson's correlation coef-
ficient was used for analyzing the relationship between indices.
ROC curves were plotted to analyze the diagnostic values of
COX-2 and FOXO3a for disease activity. P<0.05 was considered
to indicate a statistically significant difference.
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Table I. Baseline data.
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Factors Study group (n=60) Control group (n=30) t/? value P-value
Sex 0.433 0511
Male 16 (26.67) 10 (33.33)
Female 44 (73.33) 20 (66.67)
Age (years) 60.4+10.7 58.7£8.9 0.750 0.455
BMI (kg/m?) 22.04+1.77 22.59+1.80 1.382 0.171
Past medical history
Hypertension 19 (31.67) 8(26.67) 0.238 0.626
Diabetes 22 (36.67) 10 (33.33) 0.097 0.756
Hyperlipemia 12 (20.00) 5(16.67) 0.145 0.703
History of smoking 0.407 0.524
Yes 18 (30.00) 11 (36.67)
No 42 (70.00) 19 (63.33)
History of alcoholism 0.078 0.781
Yes 5(8.33) 2 (6.67)
No 55(91.67) 28 (93.33)
Place of residence 0.215 0.643
City 37 (61.67) 20 (66.67)
Countryside 23 (38.33) 10 (33.33)
Course of disease (years) 8.54+2.11
CRP (mg/1) 53.84+22.06 5.81£2.87 11.842 <0.001
ESR (mm/h) 33.15+£18.22 9.88+4.45 6.876 <0.001
DAS28 score 3.12+1.45

BMI, body mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

COX-2(pg/ml)
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Figure 1. Expression levels of COX-2 and FOXO3a in the study group. (A) COX-2 was highly expressed in patients with RA. The expression of COX-2 in active
patients was higher than that in remissive patients. (B) FOXO3a was highly expressed in patients with RA. The expression of FOXO3a in active patients was
higher than that in remissive patients. “P<0.01, ““P<0.001. COX, cyclooxygenase; FOXO3a, forkhead box O3a; RA, rheumatoid arthritis.

Results

Clinical data. There were statistically significant differences
between the study and the control group in terms of CRP
and ESR (P<0.05), but not in terms of sex, age, body mass

index (BMI), past medical history, history of smoking, history
of alcoholism, and place of residence (P>0.05) (Table I).

Expression levels of COX-2 and FOXO3a in the study and the
control group. According to the detection results, the expression
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Table II. ROC parameters.
Indicators AUC 95% CI Specificity (%) Sensitivity (%) Youden index (%) Cut-off
COX-2 0.748 0.624-0.871 62.50 85.71 48.21 <27.671 pg/ml
FOXO03a 0.802 0.689-0.916 68.75 92.85 61.61 <1424
CRP 0.708 0.613-0.803 80.00 65.00 45.00 <7.25 mg/l
ESR 0.702 0.609-0.794 86.67 46.67 33.33 <14.85 mm/h

ROC, receiver operating characteristic; AUC, area under the curve; 95% CI, 95% confidence interval; Cut-off, best cut-off value; COX,
cyclooxygenase; FOXO3a, forkhead box O3a; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

100

80

60

Sensitivity %

CRP
ESR

0 I I I I 1
0 20 40 60 80 100

100% - Specificity %

Figure 2. ROC curves. Blue line represents FOXO3a and red line represents
COX-2. Green line represents CRP and the light brown line represents ESR.
ROC, receiver operating characteristic; COX, cyclooxygenase; FOXO3a, fork-
head box O3a; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

levels of COX-2 and FOXO3a in the study group were signifi-
cantly higher than those in the control group (P<0.05). The
comparison of COX-2 and FOXO3a expression levels between
the active and remissive patients showed that the expression
levels in active patients were significantly higher than those in
remissive patients (P<0.05) (Fig. 1).

Diagnostic values of COX-2 and FOXO3a for disease activity.
According to the ROC curves, the area under the curve (AUC)
of COX-2 was 0.748. When the specificity was 62.50% and
the sensitivity was 85.71%, the best cut-off value of COX-2
was 27.671 pg/ml. The AUC of FOXO3a was 0.802. When the
specificity was 68.75% and the sensitivity was 92.85%, the best
cut-off value of FOXO3a was 1.424. The AUC of CRP was
0.708. When the specificity was 80.00% and the sensitivity
was 65.00%, the best cut-off value of CRP was 7.25 mg/l. The
AUC of ESR was 0.702. When the specificity was 86.67% and
the sensitivity was 46.67%, the best cut-off value of ESR was
14.85 mm/h (Table II and Fig. 2).

Correlation of COX-2 and FOXO3a with ESR, CRP, and
DAS28 score. According to Pearson's correlation coefficient,
the expression levels of COX-2 and FOXO3a were positively
correlated with ESR, CRP, and DAS28 score of active and
remissive patients (both P<0.05) (Tables III and IV, and Fig. 3).

Discussion

RA is the most common joint disease in clinical practice.
Systemic inflammatory responses stimulate the proliferation

Table III. Correlation of COX-2 with ESR, CRP, and DAS28
score.

Active patients Remissive patients

(n=28) (n=32)
Factors r value P-value r value P-value
ESR 0.618 <0.001 0.773 <0.001
CRP 0.551 0.001 0.551 0.002
DAS28 0.669 <0.001 0.658 <0.001

COX, cyclooxygenase; ESR, erythrocyte sedimentation rate; CRP,
C-reactive protein.

Table IV. Correlation of FOX0O3a with ESR, CRP, and DAS28
score.

Active patients Remissive patients

(n=28) (n=32)
Factors r value P-value r value P-value
ESR 0.605 <0.001 0.525 0.004
CRP 0.719 <0.001 0.753 <0.001
DAS28 0.460 0.008 0.626 <0.001

FOXO3a, forkhead box O3a; ESR, erythrocyte sedimentation rate;
CRP, C-reactive protein.

of synovial cells, cause the formation of invasive pannus, and
damage the cartilage and bone tissue, thereby leading to the
disease (17). Statistics have shown that the disability rate of
RA in China is high, and the disease seriously affects the
patients' daily life and work (18). The disease is currently
treated with anti-inflammatory agents and analgesics, both
of which only relieve patients' conditions, but cannot cure the
disease (19). Therefore, it is essential to find new therapeutic
targets to improve the conditions.

In this study, the expression of COX-2 in the study group
was significantly higher than that in the control group. A large
number of studies have shown that COX-2 is highly expressed
in patients with RA (20,21), which is consistent with our
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Figure 3. Correlation of COX-2 and FOXO3a with ESR, CRP, and DAS28 score. The correlation of COX-2 with (A) ESR, (B) CRP, and (C) DAS28 score of
active patients is presented. The correlation of COX-2 with (D) ESR, (E) CRP, and (F) DAS28 score of remissive patients is presented. The correlation of
FOXO3a with (G) ESR, (H) CRP, and (I) DAS28 score of active patients is presented. The correlation of FOXO3a with (J) ESR, (K) CRP, and (L) DAS28
score of remissive patients is presented. COX, cyclooxygenase; FOXO3a, forkhead box O3a; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.

findings. Therefore, COX-2 inhibitors have been widely used
in clinical practice, especially in the treatment of RA (22,23).
As a subfamily member of forkhead transcription factors,
FOXO3a mediates apoptosis, cell proliferation, cell cycle

progression, DNA damage, and tumorigenesis (24). However,
there are few studies on FOXO3a in RA. In this study, the
expression of FOXO3a in the study group was found to be
significantly higher than that in the control group, indicating
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that FOXO3a is differentially expressed in patients with RA
and healthy subjects. In a study by Turrel-Davin et al (25), the
expression of serum FOXO3a in patients with RA, as detected
by microarray chips, was significantly higher than that in
healthy subjects, which is consistent with our findings.

According to different disease activities, the patients
were divided into active and remissive patients. The expres-
sion levels of COX-2 and FOXO3a in remissive patients were
significantly lower than those in active patients. According
to Turrel-Davin et al (25), the overexpression of FOXO3a
promotes the proliferation and survival of neutrophils and
synovial T cells in the peripheral blood of patients with RA.
Therefore, the conditions of active patients were more severe
than those of remissive patients, possibly because the promo-
tion of the overexpression aggravates the patients' conditions.
However, it is still unclear whether COX-2 and FOXO3a can be
used as markers to distinguish active patients from remissive
patients. According to the ROC curves, the AUCs of COX-2
and FOXO3a were 0.748 and 0.802, respectively, slightly
higher than those of ESR and CRP, indicating that COX-2 and
FOXO3a have good diagnostic values for active and remissive
patients.

Finally, the correlation of COX-2 and FOXO3a with
ESR, CRP, and DAS28 score of active and remissive patients
were analyzed. DAS28 score, the accuracy of which has
been confirmed in a number of tests, is an internationally
recognized standard for evaluating the conditions of patients
with RA through laboratory parameters and swollen joint
count (26). CRP is not the best specific indicator, however, is
an important laboratory parameter for RA activity, because
its increase directly reflects inflammation (27). ESR is an
important index for the clinical observation of RA. Rouleaux
formation is easy to occur in erythrocytes due to the massive
production of inflammatory cytokines in patients, thereby
accelerating ESR (28). According to Pearson's correlation
coefficient, COX-2 and FOXO3a were shown to be positively
correlated the ESR, CRP, and DAS28 score of active and
remissive patients, which suggests that COX-2 and FOXO3a
may relieve the patients' conditions.

The present study proves that COX-2 and FOXO3a are
highly expressed in patients with RA, and that the two
markers can be used as potential indicators for distinguishing
different disease activities. However, there are still limitations.
The expression levels of COX-2 and FOXO3a in the synovial
tissue of the patients were not detected. The relationship
between FOXO3a and COX-2 was not fully explored in this
clinical study. The mechanism of action of FOXO3a in RA is
also unclear. The expression levels of the two markers in the
patients' serum were detected, however, the patients were not
followed up. Therefore, further study is still required.

In conclusion, the expression levels of COX-2 and FOXO3a
in patients with RA are upregulated, so the two markers may
be involved in the development and progression of the disease.
The expression levels of COX-2 and FOXO3a are related to the
disease activity of RA, and thus, they can be used as diagnostic
indicators.
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