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Abstract In order to assess the development, approval and early introduction into clinical practice of biologics in the pediatric

field, we herein describe the current status of the development to approval of biologics as anti-rheumatic agents for

children in Japan, discuss the present problems and provide a proposal for the future. It has become apparent that the

duration of the review period required for the preparation of clinical trials and Pharmaceuticals and Medical Devices

Agency approval is clearly reduced compared with the past. Thus, it was speculated that a rate-limiting step in the

process from development to approval was the duration of clinical trials from start to end. Hence, we focused on

the following key words with regard to promotion of the development of biologics and their early practical use:

“registry”, “centralization”, and “global cooperation”, all of which are related to the reduction of duration of a clinical

trial. In conclusion, to reduce the duration of a clinical trial, it is essential to complete a world-scale registry system

by developing the registry system established by the Pediatric Rheumatology Association of Japan. The next step is

then to carefully plan to participate in the international network using the world-scale registry system, and develop

global cooperative trials in which we can ensure a sufficient number of entries from Japan.

Key words biologic, centralization, international cooperation, pediatric rheumatology, registry.

Rheumatic diseases in childhood are regarded as incurable

even now, and their pathogenesis has not been clarified. These

are serious diseases that fulfill the following four conditions:

(i) the pathogenesis has not been clarified; (ii) the therapeutic

method has not been established; (iii) they are rare; and (iv)

they need long-term medical treatment. Pediatric rheumatic

diseases are systemic inflammatory diseases involving antoin-

flammation and autoimmunization, and their medication and

treatment have dramatically advanced due to marked progress

in diagnostic technology in inflammatory science and rheuma-

tology. Therefore, favorable outcomes in the inflammatory

state are expected without carrying over organ failure to adult-

hood if the principles of early diagnosis and early therapeutic

intervention are maintained, and it is not too much to say that

the advent of biologics facilitated this improvement. In the

pediatric rheumatology field, four biologics (tocilizumab, etan-

ercept, adalimumab and palivizumab) were approved in Japan

by June 2017. In particular, new approval for pediatric

indications for tocilizumab, etanercept and adalimumab – anti-

rheumatic agents – has greatly changed medical treatment in

the pediatric rheumatology field, by which many clinicians

have realized that treatment has changed from care to cure.1

In this article, to assess the development, approval and

early introduction into clinical practice of biologics in the

pediatric field, we herein describe the current status of the

development to approval of biologics as anti-rheumatic agents

for children in Japan, discuss the present problems and

provide a proposal for the future.

Positioning of biologics as anti-rheumatic agents
for children in Japan

In the early first decade of the 2000s, the major treatment for

systemic-onset juvenile idiopathic arthritis (JIA) was steroid, and

that for polyarticular JIA was methotrexate.2 It was recognized,

however, that 30–40% of pediatric patients did not respond to

these treatments, nor did their symptoms easily resolve.1

Recently, indications for the use of biologics have been

described according to guidelines for initial treatment3,4 and

guidelines for the use of biological preparations.5–7 Namely,

for systemic JIA, tocilizumab, an anti-interleukin (IL)-6
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receptor monoclonal antibody, is started as early as possible in

the following cases, when: (i) dose reduction of glucocorticoid

is difficult during a current treatment course; (ii) no pathologi-

cal change to macrophage activation syndrome has occurred,

but is likely to occur; and (iii) the next step treatment is

judged to be required because the treatment course is not sat-

isfactory. For polyarticular JIA, in contrast, tocilizumab or

anti-tumor necrosis factor (anti-TNF) preparations, etanercept

and adalimumab, are used in the following cases when: (i)

≥3 months of treatment mainly with MTX is not effective,

and clinical symptoms such as arthritis and laboratory data on

inflammation are not improved; (ii) dose reduction of oral glu-

cocorticoid is difficult or a patient is steroid dependent; and

(iii) a patient shows poor tolerability to standard-dose MTX

(nausea, hepatic dysfunction etc.).

Time lag from development to approval

In pediatric rheumatology, four biomedical preparations (toci-

lizumab, etanercept, adalimumab and palivizumab) have been

approved for JIA in Japan. Therefore, the time lag from devel-

opment to approval between inside and outside of Japan and

between adult use and pediatric use was reviewed.

Tocilizumab

Tocilizumab is a biomedicine developed in Japan (Fig. 1;

Table 1),8,9 and, rarely, pediatric and adult indications (rheuma-

toid arthritis [RA]) were simultaneously approved in Japan ahead

of other countries. In other countries (USA and EU), phase III

trials of tocilizumab were started just after its approval in Japan,

and approved 3 years later. It was thought that the interval

between the clinical trial and approval of the clinically highly

needed medicine was extremely short in the USA and EU.

Etanercept

Etanercept was approved in Japan 7 years after its approval

for RA in the USA (Fig. 2; Table 2).10 It was approved for

JIA 1 year after its approval for RA in the USA, whereas it

was approved for JIA in Japan 10 years after its approval for

the same indication in the USA.

Adalimumab

After the world-first approval of adalimumab for RA in the

USA, it took 6 years to be approved for JIA, probably because

its developments for various related diseases were progressing

Japan

Global

1986
Success in 
cloning of IL-6 
in Osaka 
University

April 2005
Approved for 
Castleman’s 
disease

April 2008
Approved for 
rheumatoid 
Arthritis, pJIA 
and sJIA

March 2013
Approval for 
s.c.
injection

January 2009
EU Approved for 
RA

January 2010
USA Approved 
for RA

October 20
Approved for s.c. 
injection

Approved for pJIA
USA (April 2013)
EU (May 2013)

Approved for sJIA
USA (April 2011)
EU (August 2011)

April 2014
EU Approved for 
s.c. injection

Fig. 1 Timeline of development of tocilizumab. Tocilizumab is
a biologic developed in Japan, and it is a rare agent in that pedi-
atric and adult indications (rheumatoid arthritis [RA]) were simul-
taneously approved in Japan ahead of other countries. In other
countries (USA and EU), phase III trials of tocilizumab were
started just after its approval in Japan and approved 3 years later.
IL, interleukin; pJIA, polyarticular juvenile idiopathic arthritis;
sJIA, systemic juvenile idiopathic arthritis.

Table 1 Approval process for tocilizumab

Indication

Japan Outside Japan Time lag

Phase III approval

Start of
phase III

Application Approval Start of
phase III

Approval Country/
Region

Outside
Japan

to in Japan

Outside
Japan

to in Japan

Application
to approval
in Japan

Castleman’s
disease

April 2003 April 2005 Not
developed

Not developed Not
developed

Japan
ahead

Japan
ahead

Japan
ahead

RA March 2003 April 2006 April 2008 February
2005

January
2010/January
2009

USA/EU Japan
ahead

Japan
ahead

Japan
ahead

pJIA November
2004

April 2006 April 2008 October
2009

April 2013/May
2013

USA/EU Japan
ahead

Japan
ahead

Japan
ahead

sJIA May 2004 April 2006 April 2008 March
2008

April
2011/August
2011

USA/EU Japan
ahead

Japan
ahead

Japan
ahead

S.c.
injection:
RA

April 2010 March 2012 March 2013 September
2010

October 2013/
April 2014

USA/EU Japan
ahead

Japan
ahead

Japan
ahead

pJIA, polyarticular juvenile idiopathic arthritis; RA, rheumatoid arthritis; sJIA, systemic juvenile idiopathic arthritis.
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simultaneously (Fig. 3; Table 3).11 In Japan, however, it was

approved in an extremely short period of time after its

approval in the USA; 3 year for RA and 2 years for JIA. In

addition, it took only 1 year from application to approval in

Japan. The duration of the review period in Japan was similar

to that in other countries.

Palivizumab

Indications for palivizumab for premature infants and for

congenital heart disease were approved in Japan with a delay

of 2–4 years after the approval in the USA (Fig. 4; Table 4).12

In 2013, additional indications for this medicine were

approved in Japan for the first time in the world, and it will

be interesting to see how these indications will be extended

worldwide.

Both etanercept and adalimumab were biologics that were

developed and approved outside Japan and then were

approved in Japan after completing the domestic clinical trials,

but there were large differences in the time to approval

compared with overseas, or in the time from application to

approval. The differences are understandable in the following

context. The year 2011 corresponds to the final year of the

“Five-Year Strategy for Creation of Innovative Pharmaceutical

Products and Medical Devices” in Japan, and various

programs were conducted to achieve the target review period

(median) of 12 months for normal review items (administra-

tive side, 9 months; applicant side, 3 months) and that of

6 months for priority review items (administrative side,

6 months; applicant side 3 months) that were set at the begin-

ning of the project. As a result, the median development

period and review period were 42.2 months (i.e. 3.5 years)

and 10.1 months (i.e. 0.8 years), respectively, in 2011, and the

review period in that year was 4.7 months shorter than that in

2010, and the shortest since 2000, when the survey started.

The differences in time to approval between outside and inside

Japan and the interval between application and approval in

Japan between the aforementioned two biologics might reflect

the difference in the timing of the review period (whether it

was reviewed in 2011 or not). This indicates that the attempt

to reduce the review period surely succeeded.

Proposal for the development of biologics and
other agents for children

As mentioned, it is apparent that the duration of a review

period required for the preparation of clinical trials and Phar-

maceuticals and Medical Devices Agency approval clearly

reduced in 2011 compared with the past. Thus, it was specu-

lated that a rate limiting step in the process from development

to approval was the duration of clinical trials from start to

Japan

Global

1998
USA
Approved 
for RA

2009
Approved 

for JIA

2005
Approved for 

RA

2001
Australia:
Approved 
for JIA

2003
Canada
Approved 
for JIA

1999
USA
Approved 
for JIA

2000
Switzerland and
EU: Approved 
for RA & JIA

2000
Australia
Approved 
for RA

2000
Canada
Approved for 
RA

Fig. 2 Timeline of development of etanercept. Etanercept was
approved in Japan 7 years after its approval for rheumatoid arthri-
tis (RA) in the USA. It was approved for juvenile idiopathic
arthritis (JIA) 1 year after its approval for RA in the USA,
whereas it was approved for JIA in Japan 10 years after its
approval for the same indication in the USA.

Table 2 Approval process for etanercept in Japan

Indication Application date Review committee Approval date Time lag

1 RA (Use only for patients not effectively
treated with existing treatment)

18 November 2002 October 2004 9 January 2005 –

2 pJIA (Use only for patients not effectively
treated with existing treatment)

17 November 2006 April 2009 7 July 2009 4 years 6 months

pJIA, polyarticular juvenile idiopathic arthritis; RA, rheumatoid arthritis.

Japan

Global

2002
USA
Approved 
for RA

2012
Approved 
for UC/IBD

2008
Approved 
for Ps/PsA

2008
USA
Approved 
For JIA

2012
EU
Approved 
for UC

2005
EU
Approved for 
Joint 
destruction in 
RA

2006
EU
Approved 
for AS

2007
USA
Approved 
for CD

2007
EU
Approved 
for Ps

2005
Approved for 

RA

2009
Approved
for CD

2010
Approved 
for JIA

2011
Approved for 
RA/Joint destruction

Fig. 3 Timeline of development of adalimumab. After the
world-first approval of adalimumab for rheumatoid arthritis (RA)
in the USA, it took 6 years to be approved for juvenile idiopathic
arthritis (JIA), probably because its development for various
related diseases were progressing simultaneously. In Japan, how-
ever, it was approved in an extremely short time after its approval
in the USA: 3 years for RA and 2 years for JIA. In addition, it
took a short time of 1 year from the application to approval of
adalimumab in Japan. AS, ankylosing arthritis; CD, Crohn’s dis-
ease; IBD, inflammatory bowel disease; PsA, psoriatic arthritis;
UC, ulcerative colitis.
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end. Therefore, it is necessary to consider the following three

key words to promote the development of biologics and their

early practical use: “registry”, “centralization” and “global

cooperation”, all of which are related to the reduction of dura-

tion of a clinical trial.

Establishment of registry

The Pediatric Rheumatology Association of Japan finalized its

registry system in April 2017. It was named Pediatric

Rheumatology International Collaboration Unit Registry

(PRICURE). We plan to register all pediatric and adolescent

patients in Japan within the next 2 years and to participate in

the international registry system. We asked several institutions

that use a domestic networked registry system for adult

patients with rheumatic diseases, about the current status of

the registry system, and they replied that there is a problem in

securing the cost of the registry maintenance. From this sur-

vey, it became apparent that the registry system could not be

maintained if the funds are exhausted, because the huge cost

of the maintenance is covered by funds personally collected

by a responsible person in the institutions (mainly from the

Health Labour Science Research Grant) in the aforementioned

system. In addition, they replied that it was also necessary to

secure the cost of the registry fee, which was 1,000 yen per

person. This suggests that long-term fundraising is essential to

establish a well-arranged registry system for children with

rheumatic diseases that is similar to that in Western countries.

There are two international registry system for children

with rheumatic diseases: the Pediatric Rheumatology Interna-

tional Trials Organization (PRINTO) in Europe and the Child-

hood Arthritis and Rheumatology Research Alliance

(CARRA) in North America, both of which are managed by

non-government organizations (non-profit organization, NPO)

and are not directly supported by the government. These

systems, however, are involved with official organizations and

funds such as National Institutes of Health (https://www.

printo.it and https://www.carragroup.org/). For example,

CARRA invites Food and Drug Administration to its congress

and PRINTO is associated with a network presided over by

the European Medicines Agency. Thus, these systems are

managed in a public nature, in cooperation with concerned

patients/parents associations. Furthermore, CARRA is finan-

cially supported by an organization of seven private compa-

nies including large pharmaceutical companies in an open

manner.

Fulfillment of centralization

Pediatric Rheumatology International Trials Organization was

started as a small organization with personal fund raising by

Alberto Martini and Nicolino Ruperto in 1996; it was devel-

oped into an international network supported by various

national governments in the EU and other countries, and it

consisted of 1,189 members from 490 institutions in 59 coun-

tries in 2014. In contrast, CARRA, a North American organi-

zation, consists of more than 425 members who cooperatively

work toward better treatment of rheumatic diseases in chil-

dren. When conducting a clinical trial, selection of a flagship/

core medical institution that has many patients with the partic-

ular disease as “the trial center” and subsequent close coopera-

tion by membership institutions enables smooth promotion of

the clinical trial. To promote a clinical trial in Japan, it would

be necessary to change the registry system to NPO or to con-

struct a system officially approved by the government or for

which the government is involved in fund-raising. It would be

important to provide incentives to institutions that cooperate

with us on centralization.

International cooperation: Taking part in a global clinical
trial

At present, PRINTO and CARRA have registered information

on approximately 8,000 and approximately 10 000 pediatric

patients with rheumatic disease, respectively. The two organi-

zations have been working together on the project to construct

a worldwide cooperative registry system on pediatric rheu-

matic disease for 3 years, and expect completion in another

2 years. Given the present situation, in which Europe and the

USA are taking big steps to construct a worldwide registry, we

will miss the global wave if we do not construct a domestic

registry system and take part in the worldwide cooperative reg-

istry system. In contrast, if we can successfully participate in

this project, we will have the opportunity to actively take part

in global cooperative trials. Participation in a global cooperative

clinical trial and hence in the resulting global simultaneous

approval using data obtained from these trials is a realistic and

effective means by which to solve the time lag in the develop-

ment and approval of medicines between the USA/EU and

Japan, and the time lag between the approval of adult and pedi-

atric indications for medicines in Japan. In short, we should

aim for global cooperation: that is, to take part in global coop-

erative clinical trials and hence in the global simultaneous

approval.

Japan

Global

1998
USA
Approved for 
premature infant

2005
Approved for 

congenital heart 
disease

2003
USA
Approved for 
congenital heart 
disease

2002 
Approved for 

premature infant

2013
Approved for  immuno-

deficiency and Down 
syndrome 

Fig. 4 Timeline of development of palivizumab. Indications for
palivizumab for premature infants and for congenital heart disease
were approved in Japan with a delay of 2–4 years after the
approval in the USA. In 2013, additional indications for this med-
icine were approved in Japan for the first time in the world.
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In the field of pediatric rheumatology, two global cooperative

trials are ongoing as of October 2015: (i) a trial evaluating cana-

kinumab for periodic fever syndromes (familial Mediterranean

fever, TNF-receptor-related periodic fever syndrome and hyper

c-globulinemia syndrome) except cryopyrin-associated periodic

syndrome; and (ii) a trial evaluating belimumab for systemic

lupus erythematosus. We were invited to participate in these tri-

als, but only because a sufficient number of patients could not

be recruited in the USA and EU. Therefore, there is a concern

that we will be unable to participate in a global trial due to

insufficient recruitment of subjects in Japan, if we cannot estab-

lish a registry and centralization in the future.

Future issues and perspectives

To reduce the duration of clinical trials, it is essential to take part

in a world-scale registry system via the registry system PRICURE

established by Pediatric Rheumatology Association of Japan. It is

then important to carefully plan to participate in the international

network of PRINTO and CARRA using the world-scale registry

system, with the aim of taking part in global cooperative trials in

which we can ensure a sufficient number of entries from Japan.

If, however, we cannot take part in a global cooperative trial in

the future, it is imperative that we identify the reasons for this

and adjust our policy accordingly, with reference to global coop-

eration in the adult rheumatology field in Japan.

When all of the aforementioned measures are achieved, we

should then present this proposal to the Japanese Pediatric

Society and its sectional meeting groups to set up the policy

for global cooperation.
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Abstract

Objective

Both genetic and environmental factors are associated with susceptibility to juvenile idio-

pathic arthritis (JIA). Many studies have reported that both a ‘shared epitope’ (SE) encoded

by several HLA-DRB1 alleles and the peptidyl arginine deiminase type 4 (PADI4) gene poly-

morphisms are associated with susceptibility to rheumatoid arthritis (RA). However, it is

uncertain whether JIA and RA share the latter genetic risk factor. Therefore, here we investi-

gated relationships between HLA-SE and PADI4 polymorphisms with clinical subtypes

of JIA.

Methods

JIA patients (39 oligoarthritis, 48 RF-positive polyarthritis, 19 RF-negative polyarthritis and

82 systemic) and 188 healthy controls were genotyped for HLA-DRB1 by PCR-sequence-

specific oligonucleotide probe methodology. Three PADI4 gene single nucleotide polymor-

phisms (SNPs), rs2240340, rs2240337 and rs1748033, were genotyped using TaqMan

SNP Genotyping Assays.

Results

Frequencies of the HLA-SE were higher in RF-positive polyarticular JIA than in healthy

controls. RF-positive polyarticular JIA was associated with HLA-SE (OR = 5.3, 95%

CI = 2.5–11.9, pc < 0.001). No associations were found between clinical subtypes of JIA

and PADI4 allele frequency. Nonetheless, rs2240337 in the PADI4 gene was significantly

associated with anti-cyclic citrullinated peptide antibody (ACPA)-positivity in JIA. The A

allele at rs2240337 was a significant risk factor for ACPA positivity in JIA (OR = 5.6, 95%

CI = 1.71–23.7 pc = 0.03).
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Conclusion

PADI4 gene polymorphism is associated with ACPA-positivity in JIA. The association of

HLA-SE with RF-positive polyarticular JIA as well as RA is confirmed in Japanese. Thus,

HLA-SE and PADI4 status both influence JIA clinical manifestations.

Introduction

Juvenile idiopathic arthritis (JIA) is defined as a chronic arthritis developing in children<16

years of age and persisting for�6 weeks. According to the International League of Associa-

tions for Rheumatology (ILAR) classification criteria for JIA, it has 7 subtypes [1]. The 4 major

subtypes are oligoarthritis, rheumatoid factor (RF)-positive polyarthritis, RF-negative polyar-

thritis and systemic arthritis. The major pathology of oligoarthritis and polyarthritis is articular

inflammation and joint destruction. RF-positive polyarthritis is considered to be a counterpart

of adult rheumatoid arthritis (RA) [2]. In contrast to the above forms of JIA, the major pathol-

ogy of systemic JIA is systemic inflammation, which is considered similar to adult Still’s dis-

ease [3,4].

In RA and JIA, both genetic and environmental factors are associated with disease suscepti-

bility [5]. HLA class II gene polymorphisms are considered the most influential for RA suscep-

tibility [6]. Many studies have reported the association of a ‘shared epitope’ (SE) encoded by

several HLA-DRB1 alleles with RA susceptibility in adults [7]. Similarly, an association

between HLA-SE and susceptibility to JIA has been reported in Caucasians [8]. We have previ-

ously reported that HLA-DRB1�04:05, a major SE-containing allele, is associated with polyarti-

cular JIA also in the Japanese population [9].

More recently, a number of RA susceptibility genes outside of the HLA region have been

identified by genome-wide association studies (GWAS) [10,11]. One of these, peptidyl argi-

nine deiminase type 4 (PADI4) was first reported in Japanese RA patients [12,13], and subse-

quently confirmed in several Asian groups and subgroups of Europeans [14–17]. PADI4 is one

member of PADI gene family. It codes for enzymes responsible for the posttranslational con-

version of arginine residues into citrulline. It was indicated that an RA susceptibility haplotype

in PADI4 was associated with increased stability of PADI4 mRNA [13]. And it could lead to

accumulation of PADI4 protein, with subsequent increases in citrullinated proteins and

enhanced production of autoantibodies against these citrullinated peptides [18].

PADI4 mRNA is detected in hematological cells and pathological synovial tissues [19,20].

And it was reported that PADI4 significantly overexpressed in the blood cells of RA patients

[21]. Moreover, PADI4 have a nuclear localization signal, which affects the expression control

of various genes [22]. PADI4 may have various role in the immune system and associated with

development of autoimmune disease.

In each of the JIA subtypes, age of onset, clinical course and serological findings are differ-

ent, which may be accounted for by different influences of the genetic background. However,

it is uncertain whether JIA (particularly the RF-positive polyarthritic form) and RA share any

genetic risk factors other than HLA-SE. There are no reports that PADI4 risk alleles are

involved in JIA disease susceptibility. In the present study, which includes our previous cohort

[9], we investigated relationships between HLA-SE and PADI4 polymorphisms, and clinical

subtypes of JIA in the Japanese population.

PADI4 and the HLA-DRB1 shared epitope in juvenile idiopathic arthritis
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Materials andmethods

Study population

Patients were eligible if they met the ILAR classification criteria for JIA. A total of 188 JIA

patients (39 oligoarthritis, 48 RF-positive polyarthritis, 19 RF-negative polyarthritis and 82 sys-

temic), comprising 59 boys and 129 girls, was enrolled in this study and followed at the Yoko-

hama City University Hospital between December 2006 and December 2009. This cohort

included the 106 oligo- and poly-articular JIA patients who were described in our previous

study [9]. Clinical data including age at onset, gender, RF and anti-cyclic citrullinated peptide

antibody (ACPA) status were reviewed.

We conducted this study in accordance with the Declaration of Helsinki and with the

approval of the Ethics Committee of the Yokohama City University School of Medicine. Writ-

ten informed consent was obtained from each patient and/or their guardian. (Approval num-

ber: A090528002)

HLA genotyping

Genomic DNA was isolated from peripheral blood using the QIAamp DNAMini kit (Qiagen

K.K., Tokyo, Japan). JIA patients and healthy adult controls were genotyped for HLA-DRB1

using PCR sequence-specific oligonucleotide probes (SSOP) by the Luminex method with

Genosearch HLA-A, -B and -DRB1 Ver. 2 (Medical & Biological Laboratories Co., Ltd.

Nagoya, Japan), as described previously [9]. HLA-DRB1�01:01, �04:01, �04:04, �04:05, �04:10,
�10:01, �14:02 and �14:06 were regarded as HLA-SE alleles [23].

PADI4 genotyping

Three single nucleotide polymorphisms (SNPs), rs2240340, rs2240337 and rs1748033 in the

PADI4 gene were selected based on previous research [12,13]. Genotyping for these in 188 JIA

patients and 188 healthy adult controls was performed using TaqMan SNP Genotyping Assays

(AB assay ID: C__16176717_10 for rs2240340, C___3123009_1 for rs2240337 and

C___7541083_1 for rs1748033). These SNPs were analyzed by real-time PCR using the

AB7500 Real Time PCR system (Applied Biosystems, Foster City, CA, USA) under the condi-

tions recommended by the manufacturer. Allele discrimination was accomplished using SDS

software version 1.4 (Applied Biosystems).

Statistical analysis

The statistical significance of the differences in the frequencies of HLA-DRB1 alleles or PADI4

gene polymorphisms between JIA subtypes was evaluated by Fishers exact test. A corrected P-

value (Pc) was calculated by multiplying the P-value by the number of HLA-DRB1 alleles

tested at each locus. For the PADI4 gene polymorphisms, we examined 3 SNPs and used a

total of 5 independent tests.

Results

Patients’ characteristics

Characteristics of the patients studied are shown in Table 1. Patients comprised 39 children

with oligoarthritis, 48 with RF-positive polyarthritis, 19 with RF-negative polyarthritis and 82

with systemic arthritis. The mean age at onset of oligoarthritis was 5.6 years, RF-positive poly-

arthritis was 8.2 years, RF-negative polyarthritis was 7.1 years and systemic arthritis 5.0 years.

PADI4 and the HLA-DRB1 shared epitope in juvenile idiopathic arthritis
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HLA-DRB1 and JIA subtypes

188 healthy controls was genotyped for HLA-DRB1 to determine associations of HLA-DRB1

and HLA-SE with JIA subtype susceptibility. According to ILAR classification criteria for JIA,

RF-positive oligoarticular JIA is classified as “undifferentiated”. Thus, such cases were

excluded from the oligoarthritis group in HLA association studies. RF-positive polyarticular

JIA was significantly associated with HLA-DRB1�04:05 and HLA-SE (OR = 5.1,

95% CI = 2.5–11, pc< 0.001; OR = 5.3, 95% CI = 2.5–11, Pc< 0.001, respectively) (Table 2).

In contrast, frequencies of HLA-DRB1�04:05 and HLA-SE were not higher in the other types

of JIA patients.

PADI4 polymorphisms and JIA subtypes

Frequencies of PADI4 gene polymorphisms studied in JIA patients and controls are shown in

Table 3. There were no associations between clinical subtypes of JIA and PADI4 gene poly-

morphisms. Nonetheless, the PADI4 SNPs were significantly associated with ACPA positivity

in JIA (Table 4). Because the ACPA status of all systemic JIA patients measured in this study

was negative (0/43), systemic JIA was excluded from the data in Table 4. Hence, the A allele at

rs2240337 is a significant risk factor for ACPA positivity in oligo- and poly-articular JIA

(OR = 5.6, 95% CI = 1.7–24 Pc = 0.03). Finally, there were no associations between HLA-SE

and PADI4 gene polymorphisms in oligo- and poly-articular JIA (Table 5).

Table 1. Clinical characteristics of JIA patients.

Oligo articular JIA
(n = 39)

RF positive, polyarticular JIA
(n = 48)

RF negative, polyarticular JIA
(n = 19)

Systemic JIA
(n = 82)

Age at JIA onset (years,
mean)

5.6 8.2 7.1 5

Gender (female,%) 35 (90%) 40(83%) 10(53%) 44 (53%)

ANA (>1:160,%) 16 (41%) 19(40%) 3(16%) 3/78 (4%)

RF (>14.0 (IU ml-1),%) 9 (23%) 48(100%) 0(0%) -

Anti-CCP (>4.5(U ml-1),%) 8 (21%) 40(83%) 0(0%) 0/43 (0%)

doi:10.1371/journal.pone.0171961.t001

Table 2. Association of HLA-DRB1*04:05 and HLA-SEwith susceptibility to JIA subtypes.

HLA-DRB1*0405 Genotype (*0405/any) OR 95% CI P-value Pc

control (n = 188) 40 (21.3%) - - - -

Oligoarticular JIA (n = 30) 1(3.3%) 0.1 0.01–0.82 0.02 NS

RF positive, polyarticular JIA (n = 48) 28 (58.3%) 5.1 2.50–10.7 <0.001 <0.001
RF negative,polyarticular(n = 19) 4(21.1%) 1 0.30–4.42 0.98 NS

RF negative(oligo+poly)(n = 49) 5(10.2%) 0.4 0.86–8.17 0.078 NS

Systemic JIA (n = 82) 21 (25.6%) 1.3 0.66–2.42 0.43 NS

HLA-SE Genotype (SE/any) OR 95% CI P-value Pc

control (n = 188) 68 (36.2%) - - - -

Oligoarticular JIA (n = 30) 6(20.0%) 0.4 0.14–1.18 0.082 NS

RF positive polyarticular JIA (n = 48) 36 (75.0%) 5.3 2.47–11.9 <0.001 <0.001
RF negative,polyarticular(n = 19) 5(26.3%) 0.6 0.17–1.96 0.39 NS

RF negative(oligo+poly)(n = 49) 15(30.6%) 0.8 0.37–1.60 0.47 NS

Systemic JIA (n = 82) 33 (40.2%) 1.8 0.67–2.09 0.59 NS

SE, shared epitope: HLA-DRB1*04:05,01:01,04:01,04:10,10:01,14:02,14:06

doi:10.1371/journal.pone.0171961.t002
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Table 3. Association between PADI4 gene polymorphisms and susceptibility to JIA subtypes.

rs2240340 G allele A allele MAF OR 95% CI P Pc

Control (n = 188) 223 153 0.41 - - - -

Oligoarticular JIA (n = 30) 37 23 0.38 0.9 0.49–1.64 0.73 NS

RF positive, polyarticular JIA (n = 48) 49 47 0.49 1.4 0.87–2.25 0.17 NS

RF negative,polyarticular(n = 19) 24 14 0.37 0.9 0.39–1.78 0.64 NS

RF negative,oligo+poly articular(n = 49) 61 37 0.38 0.9 0.54–1.43 0.6 NS

Systemic JIA (n = 82) 92 72 0.44 1.1 0.77–1.68 0.51 NS

rs2240337 G allele A allele MAF OR 95% CI P Pc

Control (n = 188) 350 26 0.07 - - - -

Oligoarticular JIA (n = 30) 57 3 0.05 0.7 0.13–2.43 0.45 NS

RF positive, polyarticular JIA (n = 48) 85 11 0.12 1.7 0.75–3.82 0.14 NS

RF negative,polyarticular(n = 19) 37 1 0.03 0.4 0.01–2.36 0.25 NS

RF negative,oligo+poly articular(n = 49) 94 4 0.04 0.6 0.14–1.71 0.21 NS

Systemic JIA (n = 82) 149 15 0.18 1.4 0.65–2.74 0.38 NS

rs1748033 G allele A allele MAF OR 95% CI P Pc

Control (n = 188) 239 137 0.36 - - - -

Oligoarticular JIA (n = 30) 42 18 0.30 0,7 0.39–1.39 0.33 NS

RF positive, polyarticular JIA (n = 48) 55 41 0.43 1.3 0.80–2.10 0.29 NS

RF negative,polyarticular(n = 19) 26 12 0.32 0.8 0.36–1.72 0.55 NS

RF negative,oligo+poly articular(n = 49) 68 30 0.31 0.8 0.46–1.27 0.28 NS

Systemic JIA (n = 82) 120 44 0.27 0.6 0.42–0.97 0.03 NS

doi:10.1371/journal.pone.0171961.t003

Table 4. Association between PADI4 gene polymorphisms and ACPA positivity in oligo- and poly- articular JIA patients (n = 106).

Anti-CCP(-)
(<4.5Uml-1)

(n = 58)

Anti-CCP (+)
(>4.5Uml-1)

(n = 48)

OR 95% CI P Pc

rs2240340 allele 75 46 2 1.1–3.6 0.018 NS

recessive 26 11 2.7 1.1–7.1 0.024 NS

dominant 49 35 2 0.70–6.0 0.158 NS

rs2240337 allele 112 80 5.6 1.7–24 0.002 0.03

recessive 54 32 6.6 1.9–30 <0.001 <0.001
dominant - - - - - -

rs1748033 allele 80 52 1.9 1.0–3.4 0.03 NS

recessive 30 14 2.6 1.1–6.4 0.029 NS

dominant 53 38 2.8 0.78–11 0.095 NS

Recessive: GG versus (GA/AA), dominant: (GG/GA) versus AA

doi:10.1371/journal.pone.0171961.t004

Table 5. Association between PADI4 gene polymorphisms and SE positivity in oligo- and poly- articular JIA (n = 106).

GG GA/AA OR 95% CI P-value

rs2240340 SE- 20 31 1.4 0.60–3.5 0.42

SE+ 17 38 - - -

rs2240337 SE- 42 9 1.2 0.39–3.5 0.81

SE+ 44 11 - - -

rs1748033 SE- 23 28 1.3 0.57–3.1 0.56

SE+ 21 34 - - -

doi:10.1371/journal.pone.0171961.t005
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Discussion

Susceptibility to RA is influenced by both genetic and environmental factors such as smoking.

Many studies have determined that the major RA disease susceptibility genes are the HLA

class II alleles. The shared epitope (SE) hypothesis for risk of RA is well-established [7], indi-

cating that multiple HLA-DRB1 alleles are the strongest known genetic risk factors for RA by

virtue of encoding a shared amino acid sequence, known as a shared epitope, SE [6]. Several

studies have also reported associations between the genetic background and JIA susceptibility

[5], including associations with HLA alleles [24–29]. An association between HLA-SE and sus-

ceptibility to JIA has been confirmed in 204 RF- or ACPA-positive Caucasian JIA patients [8].

The contribution of HLA to RA susceptibility, however, accounts for only about 30% of

incidence, implying that genes other than those in the HLA region are involved; some esti-

mates suggest as many as 100. Other genes influencing RA susceptibility have now been identi-

fied, such as PADI4, PTPN22 and CTLA4. Numerous non-HLA JIA susceptibility genes have

also been imputed using GWAS [11]. Variants at the PTPN22, STAT4, TNF-α, TNFAIP3,
MIF, WISP3, SLC11A1 and IL2-Ra loci have been reported as risk factors for JIA by several

investigators [5], although it was also reported that several of these are not necessarily shared

between different ethnic groups [10,30]. Thus, there are likely to be different genetic risk fac-

tors for JIA in different ethnic groups. Therefore, here we sought an influence of HLA-SE and

PADI4 on JIA susceptibility in Japanese, because both HLA-SE and PADI4 were reported as

significant genetic risk factors for RA independent of ethnicity [14,15,31].

We previously reported an association of HLA-A�02:06 with JIA accompanied by uveitis

and of HLA-DRB1�04:05 with polyarticular JIA [9]. In the present study, we confirmed the

association between HLA-SE and RF-positive polyarticular JIA in Japanese. However, we

found that HLA-SE was not associated with oligoarticular or systemic JIA in our cohort.

Recently, it was reported that five amino acids in three HLAmolecules, including three amino

acid positions (11, 71 and 74) in HLA-DRB1, were associated with RF-seropositive RA by the

HLA-imputation method [32]. It should therefore be evaluated whether these HLA amino

acids are also associated with JIA susceptibility in future.

In addition to RF, ACPA is the most specific serologic marker in adult RA with a specificity

of 95% and a sensitivity of 80%, similar to RF [33,34]. Considering all JIA subtypes together,

ACPA was detected in 1.8–28.6% of patients, a low frequency compared to RA. However,

ACPA was present in 70–90% of RF-positive polyarticular JIA patients [35]. Bone destruction

is more severe in these ACPA-positive patients [36]. These results suggest that ACPA-positive

polyarticular JIA may be similar to RA with regard to pathogenetic processes.

PADI4, a member of the PADI family, was first reported to be associated with RA in a Japa-

nese population [12,13]. It encodes a peptidyl arginine deiminase responsible for the post-

translational conversion of arginine residues into citrulline. We investigated associations

between PADI4 gene polymorphisms and ACPA positivity in JIA in our Japanese population.

The stability of PADI4 mRNA differs according to these gene polymorphisms, which may rep-

resent the mechanism by which it influences the production of ACPA [13]. To the best of our

knowledge, there are no reports that PADI4 risk alleles are involved in JIA disease susceptibil-

ity. It is likely that PADI4 is also a JIA susceptibility gene in ethnic groups other than Japanese,

especially in ACPA-positive JIA. This hypothesis needs further exploration.

We found no association between HLA-SE and PADI4 in JIA patients, implying that

HLA-SE and PADI4 are independent JIA susceptibility genes. However, an association

between HLA-SE and citrullination in the pathogenesis of RA has been noted [37]. The elec-

tropositive P4 pocket of HLA-DRB1�04:01/04 can accommodate citrulline-containing epi-

topes, and the CD4+ T cell repertoire for citrullinated antigens is increased in RA patients

PADI4 and the HLA-DRB1 shared epitope in juvenile idiopathic arthritis
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harboring HLA-DRB1�04:01/04. These potential pathogenetic mechanisms may also contrib-

ute to JIA. Further study is needed to determine whether this is the case.

In conclusion, we found an association of PADI4 gene polymorphisms with ACPA-

positivity in JIA, as was already known for RA. We also confirmed the influence of HLA-SE on

RF-positive polyarticular JIA in the Japanese population. Thus, JIA may be classified into clini-

cal and genetic background-based subtypes using HLA-SE and PADI4 genotyping.
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Elevated soluble CD14-subtype (PRESEPSIN; P-SEP) levels in rheumatoid
arthritis (RA) patients with bacterial infection
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Infection is a serious complication observed in the management of
rheumatoid arthritis (RA) patients. The acute inflammatory marker
C-reactive protein (CRP) is elevated both during infection and
during high disease activity of RA, and this often poses a problem
when distinguishing the two. While infection markers should be
measured quickly and inexpensively in a simple matter, there also is
a need to distinguish them from disease activity markers of RA in
clinical practice. Recently, the usefulness of a subtype of soluble
CD14, presepsin (P-SEP), has been reported in critical care and
pediatric areas. P-SEP is a novel effective marker for the diagnosis,
severity, and treatment response of sepsis [1–3]. Phagocyte
involvement has already been reported in the production of P-
SEP; therefore, we took into consideration that P-SEP may function
as a specialized inflammatory maker for bacterial infection [4].

P-SEP has not been evaluated in RA patients. To evaluate
whether P-SEP production is specific to bacterial infections rather
than inflammation due to RA, we investigated the serum levels of
P-SEP in RA patients with infection.

Data were collected from June 2010 to March 2014 at the
Department of Rheumatology the National Hospital Organization
Osaka Minami Medical Center, Japan. Subjects were divided into
48 RA patients identified with a definite pathogen for bacterial
infection (inf RA), 103 RA patients without infection (non-inf RA)
and 34 healthy control (HC) (Table 1). All RA patients were
required to meet both the 1987 American Rheumatism Association
criteria and 2010 ACR/EULAR criteria for RA.

Inf RA patients were strictly identified as having infection with
positive pathogen identification through cultures, presence of fever
(438.0�C) and/or C reactive protein (CRP) elevation and/or
increase in white blood cell count (WBC), and improvements of
these manifestations with antibiotics. RA patients with suspected
bacterial but in whom no pathogen could be identified were
excluded from this study.

Concentration of P-SEP was measured with an immunoassay
analyzer (PATHFASTR, LSI Medience Corporation, Tokyo,
Japan). Measurements were taken before and after treatment in
the inf RA group. Clinical disease activity index (CDAI) was

measured in the non-inf RA group (mean CDAI±S.D.
11.86± 9.32; disease activity severity; high 7, moderate 41, low
33, clinical remission 12) (n¼ 93; not all patients have physician
VAS score measured).

The breakdown of bacterial infections in the inf RA group was
as follows: 58.3% (n¼ 28) were gram-negative, and 31.3%
(n¼ 15) were gram positive, and the others were mixed infections.
There were 12 cases of blood culture positive sepsis. Of local
bacterial infections, respiratory infection was most frequent
(n¼ 20), followed by urinary tract infections (n¼ 7), muscular
skeletal infections (n¼ 4), and skin/soft tissue infections (n¼ 3).

The serum levels of P-SEP (mean±SD) were 1514±
3475 pg/ml (range: 168–16,947 pg/ml), 268± 397 pg/ml (range:
75–2648 pg/ml), and 136± 60 pg/ml (range: 62–327 pg/ml) for inf
RA (pre-antibacterial treatment), non-inf RA, and the HC group,
respectively.

In the inf RA group, P-SEP levels were correlated with CRP
(r¼ 0.30, p50.05). P-SEP levels of the inf RA were significantly
higher than those of non-inf RA and also significantly higher than
those of the HC group. Furthermore, P-SEP levels were signifi-
cantly reduced after anti-bacterial treatment (372± 399 pg/ml)
(Figure 1).

As for individual P-SEP level in inf RA patients, the mean P-SEP
level for the sepsis cases was 2938± 4899 pg/ml and it was
significantly higher than local infections, 1040±2784 pg/ml
(p50.01). Moreover, no significant differences were observed for
P-SEP levels between the gram negative and gram positive bacterial
infections (p¼ 0.10). In evaluation concomitant medications in the
RA groups according to whether patients were taking low-dose
corticosteroids or methotrexate. P-SEP levels were significantly
higher in the non-inf RA compared with the HC group. CDAI in the
non-inf RA group correlated with CRP (r¼ 0.28, p50.01), but not
P-SEP (r¼ 0.17, p¼ 0.10) (Figure 2a and b). In ROC analysis of P-
SEP levels for bacterial infection, the cutoff value was 278pg/ml
and the area under curve (AUC) was 0.82, sensitivity and specificity
were 79.2% and 80.6%, respectively.

CRP is a useful marker for infection, while also being a useful
marker for RA disease activity. There are numerous cases in
clinical practice in which the reason for the state of increased CRP
cannot be determined. Therefore, as P-SEP is not affected by RA
disease activity, it is an effective marker for bacterial infection.

One of the limitations of this study is that only bacterial
infections were included as the source of infection. We detected
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only 13 cases of viral infections in our RA patients, and when
compared with the non-inf RA group, no statistical difference was
seen (see Supplemental Figure 4). P-SEP levels were not
significantly reduced after anti-viral treatment (data not shown).

In compromised hosts, singling out viral or fungal infections is
difficult, and this will be a topic that will be further discussed in
future reports. Furthermore, procalcitonin (PCT) has replaced CRP
in the diagnosis of infection in some recent cases. It has been
reported that P-SEP has a higher sensitivity and specificity
compared to PCT in diagnosing infection [1]. PCT is also known

Table 1. Patients of demographic and disease characteristics.

Bacterial infection RA (n¼ 48) Non-infecion RA (n¼ 103) Healthy control (n¼ 34)

Female (%) 35 (72.9) 80 (77.7) 27 (79.4)
Age (years) 67.6± 9.3 59.7 ± 15.5 57.0± 16.2
RA duration (years) 13.8± 9.9 11.5 ± 10.6 $
RA Stage (I/II/III/IV) 2/12/15/17 6/41/28/28 $
RA Class (1/2/3/4) 5/33/7/2 15/79/7/0 $
CRP (mg/dl) 10.58± 7.72 0.80± 1.41 $
CDAI (*n¼93) (HDA/MDA/LDA/CR) $ 11.86± 9.32 (7/41/33/12) $
DAS28-ESR (HDA/MDA/LDA/CR) $ 3.34± 1.58 (7/37/20/25) $
Concurrent PSL use rate (%) 79.2 59.2 $
Concurrent PSL use dose (mg/day) 5.64 ± 3.75 4.26± 3.09 $
Concurrent MTX use rate (%) 37.5 58.3 $
Concurrent MTX use dose (mg/week) 8.21 ± 2.74 8.53± 2.20 $
Other DMARDs SASP7, Buc8, TAC5,

MMF1, AZA1, CyA1
SASP5, TAC6, Buc9,
Aur1, LEF1, GST1

$

Biologic agents 10 (ETN2, ADA2,
TCZ5, ABT1)

58 (TCZ25, ABT12,IFX 8,
ETN3, ADA1, GLM9)

$

*Physician VAS score were not measured for all cases.
CDAI: clinical disease activity index; DAS: disease sctivity score; HDA: High disease activity; MDA: moderate disease activity; LDA: Low disease
activity; CR: clinical remission; PSL: Prednisolone; MTX: Methotrexate; SASP: Salazosulfapyridine; Buc: Bucillamine; TAC: Tacrolimus hydrate;
Aur: Auranofin; LEF: Leflunomide; GST: Gold Sodium Thiomalate; MMF: Mycophenolate mofetil; CyA: cyclosporine; IFX: Infliximab; ETN:
Etanercept; ADA: Adalimumab; GLM: Golimumab; TCZ: Tocilizumab; ABT: Abatacept.

Figure 1. The level of P-SEP in the bacterial infection RA, non-inf RA
and the HC group.

Figure 2. Correlation of CDAI in the non-inf RA with CRP (a), P-SEP (b)
by using the Spearman rank correlation coefficient.
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to increase in cases of systemic inflammatory response syndrome
(SIRS) even without bacterial infection [5]. For our current study,
only cases of known bacterial infections were considered, so PCT
would have sufficed instead of P-SEP.

In general, P-SEP levels in RA patients are higher than healthy
controls. P-SEP levels are not affected by low dose corticosteroids
or methotrexate and are not dependent on the type of bacterial
organism but are higher in sepsis than in local infections. As been
previously reported [2,6] in non-RA patients, our study also found
that P-SEP is useful in diagnosing bacterial infections, especially
sepsis, and provides for an effective biomarker of response to
treatment for the infection. In conclusion, P-SEP is a promising
novel infection marker for diagnosis of bacterial infection in RA
patients, regardless of RA disease activity.
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Abstract
Aim: Anti-citrullinated peptide/protein antibody (ACPA) has been reported to occur in about 60% of patients

with early rheumatoid arthritis (RA), and about 80% in patients with established RA. While ACPA seroconver-

sion is possible, previous reports have shown that it rarely occurs. We retrospectively determined the proportion

of patients who underwent ACPA seroconversion and described the clinical characteristics of these cases.

Methods: ACPA-negative RA patients who had undergone ACPA assessment more than once with an interval of

3 months or longer were investigated for ACPA seroconversion. The clinical characteristics of seroconverted

patients were assessed.

Results: In 149 ACPA-negative RA patients, only eight patients (5.4%) converted to ACPA-positive during fol-

low-up. We found that all eight of the seroconverted cases were positive for rheumatoid factor (RF) and showed

bone erosions by X-ray. Of 56 ACPA-negative RF-positive RA patients, 14.3% of them seroconverted to ACPA-

positive. None of the ACPA-negative RF-negative RA patients seroconverted to ACPA-positive.

Conclusion: The proportion of total RA patients who experienced seroconversion from ACPA-negative to

ACPA-positive was 5.4%. When ACPA-negative RA patients were subdivided into RF-negative and RF-positive

subsets, only the RF-positive subset seroconverted to ACPA-positive. These results imply that RF-negative and

RF-positive patients are distinct subsets within ACPA-negative RA patients.

Key words: anti-citrullinated peptide/protein antibody, rheumatoid arthritis, rheumatoid factor,

seroconversion.

INTRODUCTION

Anti-citrullinated peptide/protein antibody (ACPA) is a

highly specific serological marker of rheumatoid arthri-

tis (RA). It has been reported that average ACPA sensi-

tivity and specificity for RA is 67% and 95%,

respectively.1,2 However, in early RA, the sensitivity of

ACPA drops to 50–60%, whereas in established RA, it
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rises to 80%.1–4 The discrepancy between these figures

has been explained by the seroconversion from ACPA-

negative to ACPA-positive in RA patients. However, pre-

vious reports have shown ACPA seroconversion seems

to be rare, with a frequency ranging from 0.4% to 7%.5

We hypothesized that patients misdiagnosed with non-

RA arthritides may have been included in the early RA

population and counted as ACPA-negative RA, and

these cases were then excluded from the established RA

population when the disease remitted or the physician

changed the diagnosis. Another possibility is that

ACPA-negative patients could reach remission and leave

the cohort.

The aim of this study was to determine the proportion

of patients who underwent ACPA seroconversion in our

cohort and to clarify the characteristics of these cases.

PATIENTS AND METHODS

RA patients were recruited from January 2007 to

November 2012 at Kyoto University Hospital; all

patients were Japanese. Patients included in this study

were diagnosed with RA by rheumatologists based on

the 1987 American College of Rheumatology (ACR)-

revised criteria or 2010 ACR/EULAR (European League

Against Rheumatism) criteria. Patients who had not

taken any anti-rheumatic drugs were excluded from this

study. ACPA-negative RA patients who underwent

ACPA assessment more than once with an interval of

3 months or longer were investigated for ACPA sero-

conversion. The clinical characteristics of patients who

seroconverted to ACPA-positive were also assessed. All

patients provided informed consent in accordance with

the Declaration of Helsinki, before of collecting sam-

ples. Titer of ACPA in sera or plasma was measured with

the second generation anti-cyclic citrullinated peptide

(CCP) antibody enzyme-linked immunosorbent assay

(ELISA) kit (MESACUPTM-2 test CCP; Medical & Biologi-

cal Laboratories Co. Ltd, Nagoya, Japan), according to

the manufacturer’s instructions with a cut-off value

of 4.5 U/mL. A latex agglutination turbidimetric

immunoassay was used for quantitating serum rheuma-

toid factor (RF) with a cut-off value of 11.7 IU/mL. RF

was measured at almost all visits. The cases which were

RF-negative all the time in our hospital were defined as

‘RF negative’. Anti-nuclear antibody (ANA) was detected

using a HEp-2 indirect immunofluorescent assay (ANA

IFA [SRL]; Fujirebio Inc., Tokyo, Japan), according to

the manufacturer’s instructions. Clinical characteristics

were compared between seroconverted and non-sero-

converted RA patients. Continuous variables in two

groups were assessed by Mann–Whitney U-test and fre-

quencies were assessed by Fisher’s exact probability test.

RESULTS

One thousand two hundred and forty-six RA patients

were included in the present study; 216 (17.3%)

patients were negative for ACPA and 149 of the 216

ACPA-negative RA patients underwent ACPA assess-

ment more than once, and only eight of these patients

(5.4%) seroconverted to ACPA-positive during follow-

up (Fig. 1). Table 1 shows the clinical characteristics of

the eight seroconverted cases. Of these cases, seven were

female. Disease duration from onset to first ACPA mea-

surement was between 0.2–26 years. Interval of sero-

conversion ranged from 0.4 to 5 years. Interestingly, we

found these cases were all positive for RF and showed

bone erosions by X-ray. Biologic disease-modifying

antirheumatic drugs (DMARDs) were used in half of

these cases. ACPA was measured more than twice in six

cases. ACPA remained positive in four cases and turned

into negative again in two cases (Fig. 2). ACPA titer

fluctuated in a similar tendency as the fluctuation of RF

in four patients (Fig. 3, patient nos. 2, 4, 7 and 8).

Comparison of basic clinical information between

seroconverted and non-seroconverted cases are shown

in Table 2. Age and sex of both groups did not differ sig-

nificantly. RF positivity and the proportion of patients

with bone erosions were lower in the non-seroconverted

group (34.0% and 51.1%, respectively). When

ACPA-negative cases were subdivided into RF-positive

and RF-negative subgroups, none of the ACPA-negative

RF-negative cases seroconverted to ACPA-positive. Of

the ACPA-negative RF-positive RA patients, 14.3% (8/56

cases) seroconverted to ACPA-positive. This result is not

due to frequent measurements of ACPA in RF-positive

patients, because the number of ACPA measurements is

not significantly different among the RF-positive subset

and RF-negative subset (2.5 � 0.84 vs. 2.8 � 1.4,

P = 0.42). As shown in Table 2, ANA positivity and bio-

logic DMARDs usage tended to be higher in the serocon-

verted group than in the non-seroconverted group, but

the differences were not significant (37.5% vs. 20.6%

and 50.0% vs. 16.3%, respectively). Additionally, disease

duration and interval between ACPA assays did not

differ significantly between the seroconverted and non-

seroconverted group (9.30 � 10.15 years vs. 5.24 �
7.73 years and 2.69 � 1.92 years vs. 2.27 �
1.94 years, respectively).

We next investigated whether ACPA-negative RA

patients with relatively short disease duration tended to
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seroconvert more frequently. In the 16 very early RA

patients (disease duration < 3 months), two patients

(12.5%) seroconverted, whereas 0/18 (0%) early RA

patients (disease duration 3–6 months) and 6/115

(5.2%) established RA patients (disease duration

> 6 months), seroconverted to ACPA-positive

(Table 3). Thus, very early RA may tend to seroconvert

more frequently.

DISCUSSION

The proportion of all RA patients who seroconverted

from ACPA-negative to ACPA-positive was 5.4%. This

result is consistent with previous reports. Mjaavatten

et al.5 reported that 175 ACPA-negative early arthritis

patients underwent ACPA assessment several times over

a span of 12 months, and only one patient (0.6%)

Figure 1 Seroconversion of anti-citrullinated peptide/protein antibody (ACPA). Of the 149 cases of ACPA-negative rheumatoid
arthritis patients who underwent ACPA assessment more than once, only eight patients (5.4%) seroconverted to ACPA-positive
during follow-up.

Table 1 Clinical characteristics of each patient who seroconverted to ACPA-positive

Pt no. Age,

sex

Disease

duration† (years)

ACPA titer (U/mL) Interval of

seroconversion (years)

RF

(IU/mL)

Stage Treatment

1st 2nd‡

1 76, F 0.2 3.3 20.4 0.8 104.9 II MTX, SSZ

2 60, F 0.3 3.2 180.0 4 18.9 II SSZ, PSL

3 39, M 1 3.0 10.8 0.4 420.8 II MTX

4 36, F 4 2.6 8.4 3.3 79.2 II LEF

5 64, F 6 3.2 8.3 2.4 942.0 IV TCZ

6 63, F 18 3.7 6.1 0.7 55.5 IV IFX, MTX

7 64, F 19 4.0 11.7 5 49.1 IV TCZ, PSL

8 64, F 26 < 0.6 14.2 5 23.0 IV TCZ, SSZ, PSL

†From disease onset to first ACPA measurement. ‡ACPA titer when ACPA seroconversion was determined. RF titer and stage when ACPA was first
measured. ACPA, anti-citrullinated peptide/protein antibody; MTX, methotrexate; SSZ; sulfasalazine; PSL, prednisolone; LEF, leflunomide; TCZ,
tocilizumab; IFX, infliximab.
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seroconverted to ACPA-positive during follow-up.

Ursum et al.6 reported that 18/442 (4%) ACPA-negative

RA patients seroconverted to ACPA-positive with a

mean ACPA assessment interval of 11 months. Ursum

et al.7 further reported the seroconversion rate was 2%,

in which 241 ACPA-negative early arthritis patients

were assessed for ACPA at inclusion and 1 year later

and only five patients became positive for ACPA after a

1-year follow-up. Meyer et al.8 reported that 44 ACPA-

negative RA patients with a disease duration of < 1 year

and no history of DMARDs therapy were followed

prospectively for 3 years, and 7/44 ACPA-negative RA

patients (15.9%) seroconverted to ACPA-positive.

As previously reported, ACPA can be detected years

before disease manifestation.9,10 It is possible that

ACPA might have not developed yet and might sero-

convert to ACPA-positive later. However, the present

study showed the proportion of total RA patients who

seroconverted from ACPA-negative to ACPA-positive

was 5.4%. Because the sensitivity of ACPA is about 60%

in early RA patients and about 80% in patients with

established RA, theoretically 50% of ACPA-negative RA

patients should undergo seroconversion if the discrep-

ancy in sensitivity were to be completely due to sero-

conversion. However, our observation is far from this

estimated seroconversion rate. This discrepancy in sen-

sitivity may be explained by the following reasons: (i)

patients with non-RA arthritides may have been misdi-

agnosed as ACPA-negative RA; (ii) some patients may

have remitted during the natural course of the disease;

and (iii) physicians may have changed the diagnosis

during the follow-up. Such cases would have then been

excluded from the RA population and the proportion of

ACPA positivity would have increased.

On the other hand, we found that very early RA

patients tended to seroconvert more frequently. The

seroconversion rate was 12.5% in very early RA

patients, while the overall rate was 5.4%. Based on this

result, repeat assessment of ACPA may be useful for

patients with suspected early arthritis if the diagnosis

was unclear.

More importantly, we found that only the RF-positive

subset of patients seroconverted to ACPA-positive. We

Figure 2 Fluctuation of anti-citrullinated peptide/protein
antibody (ACPA) titers in each seroconverted case. Serial mea-
surements of ACPA titers in each seroconverted case are
shown. Patient numbers correspond to those in Table 1. The
broken line shows the cut-off value of ACPA (4.5 U/mL).

Figure 3 Co-fluctuation of anti-citrullinated peptide/protein
antibody (ACPA) and rheumatoid factor (RF) titers in each
seroconverted case. Serial measurements of ACPA and RF titers
in each seroconverted case are shown. Continuous lines show
the titers of ACPA. Broken lines show the titers of RF. Patient
numbers correspond to those in Table 1 and Figure 2.
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previously showed that ACPA-negative RA patients con-

sisted of two genetically distinct subsets according to RF

positivity.11 With regard to ACPA seroconversion, the

results of the present study support the notion that the

RF-positive and RF-negative subsets of ACPA-negative

patients are clinically distinct. In some patients, ACPA

titer fluctuated in a similar tendency as the fluctuation

of RF. In general, ACPA titer and RF titer do not corre-

late during the treatment of established RA.12 However,

ACPA titer may be correlated with RF titer in the rela-

tively early phase of seroconversion as in the serocon-

version phase before the onset of RA.10 That will be the

reason why ACPA-negative RF-positive patients tend to

seroconvert to ACPA-positive rather than ACPA-

negative RF-negative cases. Because some of the anti-

CCP-negative RA patient sera contains antibodies

against citrullinated proteins other than the citrulli-

nated peptides detected by the anti-CCP antibody

ELISA kit,13 there is a possibility that some anti-

CCP-negative RF-positive patients may have already

had ACPA and become anti-CCP-positive later via

epitope spreading; this hypothesis should be further

explored with an early RA cohort in the future.

This study has several limitations as follows. This study

is retrospective and therefore may contain selection

biases. Patients with established RA were included, and

we also cannot deny the possibility of seroconversion

before the follow-up intervals. In addition, this cohort is

aged and a part of patients was diagnosed as RA before

the second-generation anti-CCP antibody was devel-

oped. Physicians may have also chosen to repeat ACPA

assessment in patients with higher disease activity.

CONCLUSIONS

The proportion of total RA patients who seroconverted

from ACPA-negative to ACPA-positive was 5.4%. When

ACPA-negative cases were subdivided into RF-positive

and RF-negative subgroups, only the RF-positive

subset contained patients who seroconverted to ACPA-

positive. These results imply that RF-negative and

RF-positive are distinct subsets of ACPA-negative RA

patients.
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