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Abstract

Background: Few studies have focused on the ability of progranulin to predict postoperative
disease activity in rheumatoid arthritis (RA) patients who have undergone surgery. This study
evaluated serum progranulin levels in active RA patients and analyzed its relationship with post-
operative disease activity.

Methods: One hundred thirty-two patients with active RA and 72 healthy subjects were includ-
ed in this study. Serum progranulin was measured, and clinical data were collected. The postop-
erative |-year Disease Activity Score in 28 joints calculated with C-reactive protein
(DAS28-CRP) scores was evaluated as an indicator of disease activity. The predictive value of
progranulin in postoperative |-year disease activity in RA patients was also analyzed.

Results: Serum progranulin was significantly associated with the postoperative |-year RA disease
activity. The mean serum progranulin level in patients with a high disease activity was significantly
higher than that of RA patients with low-to-moderate disease activity (54.2+ 10.6 ng/mL vs.
46.7 8.8 ng/mL). Serum progranulin was also evaluated as an independent predictive factor
for postoperative |-year RA disease activity in multivariate analysis (odds ratio [OR], 2.21;
95% confidence interval [CI], 1.02-8.85).

Conclusions: Serum progranulin levels may be a promising indicator of postoperative disease
activity in RA patients who underwent orthopedic surgery.
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Introduction

Rheumatoid arthritis (RA) is a systemic
autoimmune and inflammatory joint dis-
ease that presents as chronic synovitis, irre-
versible cartilage and bone destruction,
systemic extra-articular manifestations,
and impaired physical function."* The RA
incidence is estimated to be approximately
0.2% to 0.4% in Chinese people, which
could result in severe disability and mortal-
ity, and it could cause a poor quality of life
and a considerable financial burden for
patients.> > Pharmacological treatment has
been confirmed to be an effective approach
for inhibiting systemic inflammation
and progression of joint destruction.®’
However, disease activity cannot be
completely managed using anti-rheumatic
drugs. Surgical intervention is an optimal
option for RA patients with a poor quality
of life due to severe joint destruction and
impairments, which has been shown to be
an effective procedure for improving psy-
chical function, quality of life, and systemic
disease activity.*® However, individual
patients have different responses to surgery.
Optimal patient stratification and individu-
al treatment planning based on preopera-
tive indicators may be a promising option
for RA patients.'” In current clinical prac-
tice, acute phase reactants such as C-reac-
tive protein (CRP) have been used to
evaluate disease activity and severity in
RA patients.'""'> However, more than
50% of RA patients were shown have a
normal or low CRP level.!® Therefore, a
novel serum biomarker that can accurately
reflect postoperative disease activity 1is
required.

Progranulin is a glycoprotein that plays
an essential role in systemic autoimmune
inflammatory  diseases.'*'>  Progranulin
mainly originates from inflammatory cells,
epithelial cells, and chondrocytes, and it is
involved in inflammation and cartilage
development and degradation.'®!”
Progranulin levels were shown to be upre-
gulated in serum and synovial fluid in RA
patients, which was also obviously related
to disease activity.'® Cerezo et al.'® showed
increased progranulin expression at local
sites of inflammation and association
between progranulin levels, disease activity,
and functional impairment in patients with
RA. Chen et al."” reported that induction of
progranulin expression may play a role in
RA immune reaction. Additionally, progra-
nulin levels could be a useful biomarker in
the RA inflammatory response, but they
are unrelated to regulatory B cell (Breg)
levels. However, no published study has
evaluated the relationship between serum
progranulin levels and postoperative dis-
ease activity in RA patients. Thus, in this
study, we evaluated serum progranulin
levels in patients with RA, and analyzed
its value as a biomarker of postoperative
disease activity in active RA patients who
underwent orthopedic surgery.

Materials and methods

Patients

This study was designed as a retrospective
cross-sectional analysis of a prospective
database that included 132 consecutive
RA patients who underwent a single
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orthopedic surgery at Tianjin First Central
Hospital between 1 June 2016 and 1 June
2018. The study was conducted in accor-
dance with the Declaration of Helsinki
and ethics approval was received from the
Tianjin First Central Hospital. All partici-
pating patients provided written informed
consent before enrollment. All patients
were diagnosed with active RA in accor-
dance with the American College of
Rheumatology (ACR) criteria.® Patients
with a severe comorbidity such as ischemic
disorders, severe cardiac or neurological
deficits, malignancies, acute and chronic
inflammatory and infective disease, chronic
lung disease, and immunosuppressive disor-
ders were excluded. Patients who under-
went multiple surgeries during enrollment
were also excluded from study. All patients
received standard appropriate management
in accordance with ACR guidelines.
Surgical procedures were planned at the
surgeons’ discretion, and the surgical proce-
dures were classified as replacement surgery
or non-replacement surgery including
synovectomy, arthrodesis, and arthroplasty
without prosthesis. Biological/targeted-
synthetic (b/ts) disease-modifying antirheu-
matic drugs (DMARDs) were recorded.
Seventy-two  healthy volunteers were
enrolled as controls at the corresponding
duration.

Clinical evaluation

Demographic and clinical characteristics of
all patients were retrospectively collected,
including age, sex, duration of RA, medica-
tion administration, and laboratory test
results such as rheumatoid factor (RF),
erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), and cyclic citrul-
linated peptide (CCP). The Discase Activity
was evaluated using the Disease Activity
Score in 28 joints (DAS28) calculated with
C-reactive protein (DAS28-CRP). All
patients were followed though regular

outpatient clinic visits for 1 year after sur-
gery. The 1-year disease activity was consid-
ered to be the primary outcome. Therefore,
all patients were grouped primarily on the
basis of the DAS28-CRP score classifica-
tion criteria.?! Low disease activity was
considered to be DAS28 >2.6 to <3.2,
moderate disease activity was DAS28 >3.2
to <5.1, and high disease activity was
DAS28 >5.1. Patients with a DAS28-CRP
score >5.1 were defined as the high activity
group whereas patients with a DAS28 score
of 3.2 to 5.1 were defined as the low to
moderate activity group.

Measurement of serum progranulin

Blood samples were obtained from all sub-
jects using venipuncture with aseptic pre-
cautions and stored in a sterile tube (BD
Vacutainer, Becton, Dickinson and Co.,
Franklin Lakes, NJ, USA) on the day of
admission. After centrifugation at 1006.2
xg for 3 to 5 minutes, the serum samples
were decanted and measured immediately
using a high-sensitivity commercially avail-
able ELISA kit (Adipogen Inc., Seoul,
Korea) in accordance with the manufac-
turer’s instructions to analyze the serum
progranulin levels.

Statistical analysis

Analyses were conducted using SPSS 20.0
(IBM Corp., Armonk, NY, USA). Results
with a two-sided P < 0.05 were defined as
statistically significant. Categorical varia-
bles were presented as a percentage while
continuous variables were presented as the
mean + standard deviation (SD). The ;>
test or Fisher’s exact test was used to com-
pare categorical variables while continuous
variables were compared using an indepen-
dent Student’s r-test. Receiver operating
curves (ROCs) were used to test the optimal
cutoff value for progranulin to predict the
I-year disease activity in RA patients.
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The odds ratio (OR) was assessed using
multivariate logistic regression analysis for
variables with significant P values
(P <0.05) in the univariate analysis, with
postoperative 1-year disease activity catego-
rized as high disease vs. low to moderate
disease.

Results

Demographic and clinical characteristics

There were 132 patients with active RA and
72 healthy subjects who were recruited into
this study. Among the 132 RA patients, 25
were men and 107 were women, with a
mean age of 55.2+11.3 years. The mean
disease duration was 5.9 +4.8 years from
the initial clinical presentation. The mean
ESR and CRP were 32.5+17.6 mm/hour
and 33.5+25.8 mg/L, respectively. The
mean RF-IgM, IgG, and IgA levels were
155.2+95.2, 136.8 £86.2, and 133.1 +89.8
IU/mL, respectively (Table 1). On the basis
of the DAS28-CRP score, all 132 patients
were grouped as follows: low to moderate
disease activity group (49 patients, with
3.2<DAS28-CRP < 5.1) or high disease
activity group (83 patients, with DAS28-
CRP >5.1).

Ability of serum progranulin to predict RA
disease activity

The mean serum progranulin level in RA
patients was significantly higher than that
of the healthy controls (P < 0.01, Figure 1).
The ROC curve analysis showed that a pro-
granulin level of 47.7 ng/mL (area under the
curve, 0.73 ngxhour/mL; 95% confidence
interval [CI]: 0.32-0.98; P < 0.01) was con-
sidered to be the optimal cutoff level to pre-
dict high disease activity in RA patients,
with a sensitivity of 72.7% and a specificity
of 85.4%, respectively (Figure 2).

Table I. Demographic and clinical details of the
RA patients.

RA patients

Characteristics (n=132)
Male 25 (18.9%)
Age (years) 552£11.3
Disease duration (years) 59+48
ESR (mm/hour) 325+17.6
CRP (mg/L) 33.5+£258
CCP (RU/mL) 341.7 £ 1254
RF-IgM (IU/mL) 155.24+95.2
RF-1gG (IU/mL) 136.8£86.2
RF-IgA (IU/mL) 133.1+89.8
Progranulin (ng/mL) 48.6 9.6
Swollen joints (n) 2.6+2.1
Tender joints (n) 3.7+32
Morning stiffness in minutes 25.6 +20.1
Patient assessed global 46.3 £304

score (0—100)
Surgical site, number of patients

(Procedure: replacement/

non-replacement)

Elbow 11 (9/2)

Hand/wrist 32 (5/27)

Hip 10 (10/0)

Knee 48 (48/0)

Ankle/foot 31 (1/30)

b/tsDMARD 41 (31.1%)

RA, rheumatoid arthritis; ESR, erythrocyte sedimentation
rate; CRP, C reactive protein; CCP, cyclic citrullinated
peptide; RF, rheumatoid factor; lg, immunoglobulin; b/
tsDMARD:s biological/targeted-synthetic disease-modify-
ing antirheumatic drugs.

Serum progranulin level associated with
|-year disease activity in RA patients

The results of the univariate analysis
showed that patients with high 1-year dis-
ease activity had higher mean CRP, ESR,
CCP, and RF levels than patients with low
to moderate Il-year disease activity (all
P <0.05, Table 2). Moreover, the mean
serum progranulin level was significantly
higher in RA patients with high 1-year dis-
ease activity compared with those with low
to moderate disease activity (54.2 +£10.6 ng/
mL vs. 46.7 £ 8.8 ng/mL, P<0.01, Table 2).
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Figure I. Serum progranulin level in RA patients
and healthy controls. The mean serum progranulin
level in 132 RA patients was significantly higher than
that in 72 age-matched healthy volunteers

(P <0.01).

RA, rheumatoid arthritis.
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Figure 2. ROC curve results for serum progra-
nulin level predicting postoperative |-year high RA
disease activity. The ROC analysis showed a maxi-
mum AUC of 0.73 ngxhour/mL for the progranulin
level.

ROC, receiver-operator characteristic; RA, rheu-
matoid arthritis; AUC, area under the curve.

A multivariate logistic regression analy-
sis included age, sex, serum CRP, ESR, RF,
CCP, and progranulin level to evaluate the
independent predictive variables for 1-year
disease activity in RA patients. The result

showed that serum progranulin level
(OR, 2.21; 95%CI, 1.02-8.85; P<0.01)
was an independent predictive factor for
postoperative 1-year RA disease activity
(Table 3).

Discussion

In the current study, we retrospectively
evaluated the serum progranulin level in
RA patients and showed that RA patients
had a significantly upregulated progranulin
level compared with healthy controls.
Furthermore, we validated the significant
association of serum progranulin level
with disease activity in RA patients using
univariate and multivariate analyses.
Therefore, we concluded that the serum
progranulin level can be used to assess the
optimal postoperative 1-year disease activi-
ty in individual active RA patients who
underwent surgery. This can serve as an
indicator to evaluate postoperative RA dis-
ease activity.

Progranulin has been implicated as an
important molecule in inflammatory dis-
ease processes including RA.2*?3
Yamamoto et al.>* reported that signifi-
cantly upregulated serum and synovial
fluid progranulin levels were observed in
RA patients compared with healthy sub-
jects. In this study, we also found that
patients with active RA had an increased
serum progranulin level in RA patients,
which was consistent with previously pub-
lished data. However, the role of progranu-
lin in RA inflammation has not been fully
clarified. Progranulin can inhibit tumor
necrosis factor (TNF)a-activated intracellu-
lar signaling, and thus, prevent TNFa-
mediated inflammation.'>*> However, the
serum progranulin level was shown to be
significantly associated with serum the
TNFu level, which is also related to disease
severity in RA patients.>* Moreover, it is
well established that granulins that are con-
verted from progranulin are
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Table 2. Univariate analysis of risk factors associated with disease activity in RA patients.

Low-to-moderate activity High activity

Characteristics (3.2 < DAS28 < 5.1, n=49) (DAS28 > 5.1, n=83) P
Male (%) 10 (20.4) 15 (18.1)

Age (years) 534+102 56.1 £123 0.20
ESR (mm/hour) 21.2+86 78.7+36.5 <0.01
CRP (mg/L) 22.7+6.2 6231157 <0.01
CCP (RU/mL) 238.7 +186.5 591.24+153.2 <0.01
RF-IgM (IU/mL) 114.4+322 203.7+131.3 <0.01
RF-IgG (IU/mL) 123.2 +84.6 163.8+123.2 <0.01
RF-IgA (IU/mL) 94.6+14.2 160.8 £ 113.1 <0.01
Progranulin (ng/mL) 46.7 8.8 542+ 10.6 <0.01

RA, rheumatoid arthritis; DAS28, Disease Activity Score in 28 joints; CRP, C-reactive protein; ESR, erythrocyte sedi-
mentation rate; CCP, cyclic citrullinated peptide; RF, rheumatoid factor; Ig, immunoglobulin.

Table 3. Multivariate analysis of risk factors
associated with disease activity in RA patients.

Characteristics OR 95%Cl P

CRP 342 1.12-887  0.03

CCpP .62  098-254 0.53

RF-IgA 049  0.12-098  0.02

Progranulin 221 1.02-7.85  0.002

Preoperative use 026  0.03-0.57 0.03
of b/tsDMARDs

RA, rheumatoid arthritis; OR, odds ratio; 95%CIl, 95%
confidence interval; CRP, C-reactive protein; CCP, cyclic
citrullinated peptide; RF, rheumatoid factor; lg, immuno-
globulin; b/tsDMARDs biological/targeted-synthetic
disease-modifying antirheumatic drugs.

proinflammatory, and they have opposite
functions compared with those of progranu-
lin.'®  Furthermore, progranulin  also
participates in the conversion of immunosup-
pressive regulatory T cells (Tregs) in autoim-
mune inflammatory conditions.”
Conventional laboratory testing includ-
ing CRP has been previously evaluated as
an important indicator of disease activity in
RA patients.”® However, approximately
50% of active RA patients have a normal
or low CRP level.?’ In addition, serum
levels of such acute phase markers may be
presented as unchanged in certain patient
cohorts and may not serve as a reliable

markers that reflects inflammatory activi-
ty.?® Therefore, we evaluated the predictive
value of progranulin for postoperative dis-
ease activity in RA patients and found that
progranulin can serve as a useful biomarker
to evaluate postoperative RA disease activ-
ity compared with other predictors includ-
ing CRP, CCP, and RF-IgA. An increased
progranulin level may predict a higher post-
operative disease activity status in RA
patients, so physicians should pay special
attention to patients with a high serum pro-
granulin level and start early and appropri-
ate interventions to reduce disease activity.
There were several limitations that may
affect the interpretation and application of
the conclusions in this study. One limitation
is the limited number of subjects. A large-
scale, multicenter, prospective study should
be performed to obtain more accurate evi-
dence and confirm the results of this study.
Furthermore, the serum progranulin level
was measured using commercially available
ELISA kits, which may have a different sen-
sitivity and specificity compared with other
kits. Thus, the results of our study may not
be comparable to those of other similar stud-
ies. Further validation studies, such as a
meta-analysis, may be needed to evaluate
the value of progranulin in RA patients.
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Conclusion

The serum progranulin level is increased in
patients with active RA, which might have
additional significance in the evaluation of
the postoperative RA disease activity.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

This study was funded by the Tianjin Science
and Technology Planning Project (16XMISY
Y00220).

ORCID iD

Chunyu Kong @ https://orcid.org/0000-0003-
1514-0615

References

1. Smolen JS. Insights into the treatment of
rheumatoid arthritis: a paradigm in medi-
cine. J Autoimmun 2020; 110: 102425.

2. Verdon A and Lauper K. [Small molecules
treatment in rheumatoid arthritis]. Rev Med
Suisse 2020; 16: 477-480.

3. Langley PC, Mu R, Wu M, et al. The impact
of rheumatoid arthritis on the burden of dis-
ease in urban China. J Med Econ 2011; 14:
709-719.

4. Fu X, Li ZJ, Yang CJ, et al. The prevalence
of depression in rheumatoid arthritis in
China: a systematic review. Oncotarget
2017; 8: 53623-53630.

5. RulJ, MaJ, Niu H, et al. Burden and depres-
sion in caregivers of patients with rheuma-
toid arthritis in China. Int J Rheum Dis
2019; 22: 608-613.

6. Jamsen E, Virta LJ, Hakala M, et al. The
decline in joint replacement surgery in
rheumatoid arthritis is associated with a
concomitant increase in the intensity of
anti-theumatic  therapy: a nationwide
register-based study from 1995 through
2010. Acta Orthop 2013; 84: 331-337.

7. Matsumoto T, Nishino J, Izawa N, et al.
Trends in treatment, outcomes, and inci-
dence of orthopedic surgery in patients

10.

11.

13.

14.

15.

16.

with rheumatoid arthritis: an observational
cohort study using the Japanese National
Database of Rheumatic Disecases.
J Rheumatol 2017; 44: 1575-1582.

. Ishikawa H, Abe A, Kojima T, et al. Overall

benefits provided by orthopedic surgical
intervention in patients with rheumatoid
arthritis. Mod Rheumatol 2019; 29: 335-343.

. Iwata T, Ito H, Furu M, et al. Systemic

effects of surgical intervention on disease
activity, daily function, and medication in
patients with rheumatoid arthritis. Scand J
Rheumatol 2016; 45: 356-362.
Douglas-Withers J, McCulloch K, Waters
D, et al. Associations between Health
Assessment Questionnaire Disability Index
and physical performance in rheumatoid
arthritis and osteoarthritis. Int J Rheum
Dis 2018; 22: 417424

Son KM, Kim SY, Lee SH, et al
Comparison of the disease activity score
using the erythrocyte sedimentation rate
and C-reactive protein levels in Koreans
with rheumatoid arthritis. Int J Rheum Dis
2016; 19: 1278-1283.

. Attar SM. Hyperlipidemia in rheumatoid

arthritis  patients in  Saudi  Arabia.
Correlation with C-reactive protein levels
and disease activity. Saudi Med J 2015; 36:
635-691.

Sokka T and Pincus T. Erythrocyte sedimen-
tation rate, C-reactive protein, or rheuma-
toid factor are normal at presentation in
35%-45% of patients with rheumatoid
arthritis seen between 1980 and 2004: analy-
ses from Finland and the United States.
J Rheumatol 2009; 36: 1387—-1390.

Schmitz K, Wilken-Schmitz A, Vasic V,
et al. Progranulin deficiency confers resis-
tance to autoimmune encephalomyelitis in
mice. Cell Mol Immunol 2019.

Tang W, Lu Y, Tian QY, et al. The growth
factor progranulin binds to TNF receptors
and is therapeutic against inflammatory
arthritis in mice. Science 2011; 332: 478-484.
Kessenbrock K, Frohlich L, Sixt M, et al.
Proteinase 3 and neutrophil elastase enhance
inflammation in mice by inactivating antiin-
flammatory progranulin. J Clin Invest 2008;
118: 2438-2447.


https://orcid.org/0000-0003-1514-0615
https://orcid.org/0000-0003-1514-0615
https://orcid.org/0000-0003-1514-0615

Journal of International Medical Research

17.

18.

19.

20.

21.

22.

Yin F, Banerjee R, Thomas B, et al.
Exaggerated inflammation, impaired host
defense, and neuropathology in
progranulin-deficient mice. J Exp Med
2010; 207: 117-128.

Cerezo LA, Kuklova M, Hulejova H, et al.
Progranulin is associated with disease activ-
ity in patients with rheumatoid arthritis.
Mediators Inflamm 2015; 2015: 740357.
Chen J, Li S, Shi J, et al. Serum progranulin
irrelated with Breg cell levels, but elevated in
RA patients, reflecting high disease activity.
Rheumatol Int 2016; 36: 359-364.

Kedar MP, Acharya RV and Prakashini K.
Performance of the 2010 American College
of Rheumatology/European League against
Rheumatism (ACR/EULAR) criteria for
classification of rheumatoid arthritis in an
Indian population: an observational study
in a single centre. Indian J Med Res 2016;
144: 288-292.

Alpaydin S, Buyukterzi Z, Akkurt HE, et al.
Impaired left ventricular diastolic functions
and thickened epicardial adipose tissue in
rheumatoid arthritis patients is correlated
with DAS-28 score. Acta Cardiol Sin 2017,
33: 182-187.

Liu CJ. Progranulin: a promising therapeu-
tic target for rheumatoid arthritis. FEBS
Lett 2011; 585: 3675-3680.

23.

24.

25.

26.

27.

28.

Johnson J, Yeter K, Rajbhandary R, et al.
Serum progranulin levels in Hispanic rheu-
matoid arthritis patients treated with TNF
antagonists: a prospective, observational
study. Clin Rheumatol 2017; 36: 507-516.
Yamamoto Y, Takemura M, Serrero G,
et al. Increased serum GP88 (Progranulin)
concentrations in rheumatoid arthritis.
Inflammation 2014; 37: 1806—1813.

Wei F, Zhang Y, Zhao W, et al. Progranulin
facilitates conversion and function of regu-
latory T cells under inflammatory condi-
tions. PLoS One 2014; 9: e112110.

Sargin G, Senturk T, Yavasoglu I, et al.
Relationship between neutrophil-
lymphocyte, platelet-lymphocyte ratio and
disease activity in rheumatoid arthritis
treated with rituximab. Int J Rheum Dis
2018; 21: 2122-2127.

Pincus T, Gibson KA and Shmerling RH.
An evidence-based approach to laboratory
tests in usual care of patients with rheuma-
toid arthritis. Clin Exp Rheumatol 2014; 32:
S-23-8.

Wolfe F and Pincus T. The level of inflam-
mation in rheumatoid arthritis is determined
early and remains stable over the long-term
course of the illness. J Rheumatol 2001; 28:
1817-1824.



	table-fn1-0300060520971459
	table-fn2-0300060520971459
	table-fn3-0300060520971459

