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„On	the occurence of	a	factor in	
human	serum activating

the specific agglutination of	sheep
red	corpuscules“

Eric	Waaler.	Acta	Pathol Microbiol
Scand 1940;	17:172-188.

1940- Discovery	of rheumatoid	factor

Eric	Waaler
1903-1997



Nienhuis RLF,	et	al.	New	Serum	Factor in	Patients with Rheumatoid	Arthritis:	The	
Antiperinuclear Factor.	Ann	Rheum Dis.	1964	Jul;	23(4):	302–305.

Anti-modifyfied protein antibody response:	
Discovered more than 50	years ago

Anti-
perinuclear
factor



Anti-perinuclear factor (APF)

Walther	J.	van	Venrooij,	et	al.
Nature	Reviews	Rheumatology 7,	391-398

Nienhuis RLF,	et	al.	Ann	Rheum
Dis.	1964	Jul;	23(4):	302–305.

Staining of granules
adjacent to the nucleaus
in	human	buccal mucosa

epithelium



• Positive	staining of the Stratum corneum of rat	esophageal
epithelium by serum from patients with RA.	
Young	et	al		Br Med J	1979;	2:	97-99

• Anti-keratin	antibodies was	a	misnomer because the
antibodies were not	directed against keratin but	fillaggrin

• Antigen	was	identified as fillagrin
Simon	M	et	al,	J	Clin Invest 1993;	92:	1387-1393

http://www.novusbio.com/Filaggrin-
Antibody_NBP1-87527.html

„Anti- Keratin	antibodies“

Fillaggrin



Sebbag et	al.	The	perinuclear factor and the so-called anti-keratin	antibodies are the
same	rheumatoid	arthritis specific antibodies J	Clin Invest 1995;	95:2672-2679

Anti-
Cytokeratin

Ab

RA	
serum

Anti-
Fillagrin

Ab

Anti- Fillaggrin and APF	are the same	antibodies



Filaggrin 48–65
Fibrinogen B 246–267

Fibrinogen
Fibrinogen A 211–230
Fibrinogen A 582–599
Fibrinogen A 556–575
Fibrinogen A 616–635

Vimentin 
H2B/a 62–81
H2A/a 1–20
Histones 2A 
Histones 2B

Clusterin 221–240 
Clusterin 231–250 
Biglycan 247–266
Enolase 1A 5–21
Vimentin 58–77
Apolipoprotein E

Apolipoprotein E 277-296

CCP	+

CCP	is a	screening test
covering several different	
anti-citrullinated	protein

antibody responses

Several epitopes are recognized by anti-
citrullinated	protein antibodies



Alternative	protein	modifications

FigueiredoC	et	al.,	Ann	Rheum Dis	2016	



Anti-modified	protein	Ab response

HCAC Ac-LysCit



CCP	and	anti-modified	protein	Ab response



Interactions	between	anti-modified	protein	Ab

FigueiredoC	et	al.,	Ann	Rheum Dis	2016	
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ACPA:	More	Severe Disease Course

Van	der	Helm-van	Mil AH,	et	al.	Arthritis	Res	Ther 2005;7(5):R949-58.	

Citrullin



RA[-]

RA[+]

A																													B																C																													D																										E

A																													B																C																													D																										E

Kocijan et	al.	,	Ann	Rheum Dis	2013

More	severe disease in	ACPA+	RA	patients



ACPA induce OC differentiation

Harre U, et al. J Clin Invest 2012;122:1791–802.



Induction of Bone Loss	by ACPA	in	mice

Rag1-/- Rag1-/- x	IgG															 Rag1-/- x	ACPA

Rag1-/- Rag1-/- x	IgG															 Rag1-/- x	ACPA



ACPA	and	RF	precede	RA

• ACPAs	and	RFs	in	patients	appear	many	years	prior	to	RA	onset1

• IgA	RFs	also	appear	in	patients	years	prior	to	clinical	symptoms2
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Bone structure is
altered in	

ACPA- positive
non-arthritic
individuals

as	compared to

ACPA-negative
controls

Kleyer	et	al,	Ann	Rheum Dis	2013



Interaction	between ACPA	and	RF	
in	RA	mediated bone loss

Hecht	C	et	al.,	Ann	Rheum Dis	2014



Desialylated	IgG	complexes	stimulate	OCs
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• Immune complexes such as
rheumatoid factors trigger bone
loss by Fc-mediated stimulation
of osteoclasts

• Autoantibodies against
citrullinated proteins (ACPA) 
induce osteoclast differentiation

• Bone erosion in RA relies on 
the stimulation of bone-
resorbing osteoclasts by AAB 
(early and late) and cytokines
(late)AUTOIMMUNITY   INFLAMMATION      

DAMAGE

New	and	traditional	concept	of	structural	damage
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Randomization
N	=	101

DAS28	≤	2.6
≥	6	months

Screening
N	=	106	RA	patients

DAS28	of	less than 2.6
during 3	visits

for at	least		6	months

Arm	1	:	Continuation of	all	DMARDs (100%)	N

Arm	2	:	Reduction of	all	DMARDs by 50	%

Arm	3:	DMARDs 50%	(6	months),	then Stop (0	%)

Screening Phase Treatment	Phase

RETRO	Study

Enrollment
N	=	101
Excluded
N	=	5

-6 -3 0																						3 6 9 12

Primary Endpoint
N		of	patients
in	continuous

remission after 12	
months

RETRO
Real-life Medicinal Products	Act conform study



Remission	Status	over 1	year

Continuation
Tapering
Tapering	&	Stop

66.3%	remained	in	remission	
over	of	12	months,	and	33.7%	
relapsed	

Prevalence	of	disease	relapse	
was	15.8% in	arm	1	and	
significantly	higher	in	arm	2	
(38.9%;,	p=0.036)	and	arm	3	
(51.9%;	p=0.003).

44.4%	of	patients	in	the	two	
reduction	arms	relapsed.	No	
significant	differences	(p=0.443)	
between	the	tapering	and	
stopping	regimen	arms	were	
found.	

The	majority	of	relapses	
occurred	within	the	first	6	
months during	the	tapering	
phase.

RETRO



Effect	of	Boolean	Remission
on	the	maintenance	of	remission	status

Boolean
Remission	

vs.	
No	Boolean
Remission

RETRO



Effect	of	Biologicals on	the	maintenance	
of	remission	status

Biological
-naive
Patients

vs.
Biological-
Exposed
Patients

RETRO



Effect	of	ACPA	positivity
on	the	maintenance	of	remission	status

Multivariate	logistic	
regression	analysis	
showed	that	ACPA	
status	was	the	only	
factors	predicting	the	
risk	for	recurrence	of	
disease.	Disease	
duration,	remission	
duration,	“remission	
depth”	and	biological	
DMARD	use	were	not	
predictive.p=0.038

RETRO

Haschka et	al.,	Ann	Rheum Dis	2014
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AMPA	specificity groups
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Risk	for	relapse	according	to	the	number	of	anti-
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FigueiredoC	et	al.,	Ann	Rheum Dis	2016	



Nature Reviews | Rheumatology

Low chance of relapse

AMPA with few speciȮcities AMPA with diverse speciȮcities AMPA recognizing multiple
antigenic classes

High chance of relapse

ModiȮed
protein

Anti-AceP Anti-CarP ACPA

if the analyses are corrected for the presence 
of ACPAs, as levels of AMPAs and ACPAs are 
often correlated7–9.

Aggressive intervention in the early stages 
of RA substantially decreases disease activity 
and can also induce remission10, making it 
increasingly important to identify the sub-
groups of patients who will benefit from spe-
cific interventions. Not only does giving the 
‘wrong’ therapy to the ‘wrong’ patient incur 
unnecessary cost, it also (more importantly) 
delays effective treatment in patients for 
whom a different therapy would be appro-
priate. More work lies ahead, not only to 
replicate the findings discussed above, but 
also to identify biomarkers that accurately 
predict response to treatment with various 
DMARDs. The field needs to progress from 

identifying associations that hold true at 
the group level to making predictions at an 
individual level. The work of Figueiredo and 
colleagues1 adds an important new tool to 
the clinician’s toolbox for classifying patients 
with RA, something that is sorely needed to 
fully understand how patient stratification 
could lead to improved outcomes. This 
study also provides fresh encouragement to 
researchers investigating improved meth-
ods to predict the outcome of therapy. By 
showing that the extent of AMPA responses 
in patients affects the persistence of active 
RA and the likelihood of successful tapering 
or cessation of DMARD therapy, this study 
opens new avenues for personalized decision- 
making on tapering or (dis)continuing this 
therapy.

Figure 1 | The breadth of the anti-modified protein antibody response determines the risk of 
relapse when tapering DMARD therapy in patients with rheumatoid arthritis. Anti-modified 
protein antibodies (AMPAs) recognizing different post-translationally modified proteins have 
been identified in patients with rheumatoid arthritis (RA). The breadth of the AMPA response, 
as determined by the number of ‘antigenic classes’ (that is, the number of post-translationally 
modified antigen types that are recognized), is predictive of the risk of relapse in patients  
with RA whose DMARD therapy is being tapered. anti-AceP, anti-acetylated protein antibody;  
anti-CarP, anti-carbamylated protein antibody; ACPA, anti-citrullinated protein antibody. 
Figure based on data from Figueiredo C. P. et al. Antimodified protein antibody response pattern 
influences the risk for disease relapse in patients with rheumatoid arthritis tapering disease modi-
fying antirheumatic drugs. Ann. Rheum. Dis. http://dx.doi.org/10.1136/annrheumdis-2016-209297 
(2016).
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N E W S  &  V I E W S

The discovery that a large proportion of 
patients with rheumatoid arthritis (RA) har-
bour one or more autoantibodies has been 
instrumental in increasing our understand-
ing of the genetic and environmental causes of 
RA. These autoantibodies also serve as diag-
nostic and prognostic biomarkers, and have 
provided substantial insight into the outcomes 
of patients with RA. Research by Figueiredo 
et al.1 reveals a correlation between the extent 
of autoantibody responses in patients with 
RA and recurrence of disease when tapering 
DMARD therapy.

Anti-citrullinated protein antibodies 
(ACPAs) are not only a hallmark of seroposi-
tive RA, but are also prototypical anti-modified  
protein antibodies (AMPAs). During the 
past decade, rheumatologists have come to 
appreciate that ACPAs can be present for 
many years prior to disease onset, and that 
their presence is associated with an increased 
risk of developing RA2. In the pre-RA phase, 
the ACPA response matures, as exemplified 
by increases in isotype diversity, the range of 
epitopes recognized and levels of antibod-
ies2, although following the onset of clinical 
symptoms and initiation of treatment this 
maturation is halted2. Both the presence of 
ACPAs and the extent of the ACPA response 
are associated with clinical outcomes3. ACPA-
positive patients respond to therapy differ-
ently to ACPA-negative patients4,5 and have 
an increased risk of relapse after tapering of 

determining immune responses against ten 
citrullinated, homocitrullinated, or acetylated- 
lysine-containing peptides, along with a 
positive result on second-generation cyclic  
citrullinated protein (CCP2) antibody test-
ing, the authors were able to describe in detail 
the degree of AMPA-related auto immunity 
in these patients at the time of enrolment. 
Interestingly, Figueiredo et al. describe con-
siderable heterogeneity in the pattern of 
AMPA responses. The authors readily iden-
tified autoantibody reactivity towards all the 
modified proteins investigated in the study, 
and found that these autoantibodies occurred 
in largely overlapping subsets of patients.

Recruitment of patients from the RETRO 
study also enabled Figueiredo et al. to ana-
lyse whether the extent of AMPA response 
predicts disease relapse following tapering 
or cessation of DMARD therapy. Patients in 
the RETRO trial were randomly allocated to 
one of three treatment strategies: continua-
tion of all current conventional or biological 
DMARD treatment for 12 months; tapering 
of all DMARDs by a gradual reduction to 
50% of full dose over 12 months; or a gradual 
reduction to 50% of full dose over 6 months 
followed by withdrawal of all DMARDs for 
the final 6 months. Patients were stratified 
according to their AMPA profiles, defined as 
reactivity to 0–1, 2–5 or ≥5 modified proteins, 
and ‘reactivity classes’, denoting reactivity to 
citrullinated, carbamylated or acetylated 
antigens. Figueiredo et al. observed that 
patients with reactivity to 0–1 AMPAs had a 
low chance of relapse (18%) compared with 
individuals with 2–5 or ≥5 reactivities, who 
had a 38% or 55% risk of relapse, respec-
tively1. Similar results were observed when the 
data were analysed on the basis of ‘reactivity 
classes’: patients with reactivity to 0, 1, 2 and 
3 types of modification had an 18%, 28%, 36% 
or 52% risk of relapse, respectively.

Overall, relapse rates were consistently 
low (≤30%) in patients whose DMARD treat-
ment was not modified, independent of their 
AMPA profile, and in patients with AMPA 
reactivity to 0–1 modified proteins whose 
DMARDs were tapered or withdrawn1. By 
contrast, patients with ≥5 AMPA reactivities 
who ceased DMARD therapy had relapse rates 
≥80%. It will be interesting to see whether the 
observed relationship between the extent of 
the AMPA response and relapse rates persists 

DMARD therapy6. Although these associa-
tions have all been defined at the population 
level, accurate prediction of the disease course 
or response to therapy in individual patients 
is not yet possible.

In the past 5 years, autoantibodies against 
several other types of post-translationally 
modified proteins have been identified in 
patients with RA. Anti-carbamylated protein 
(anti-CarP) autoantibodies can be detected 
in subgroups of ACPA-positive and ACPA-
negative patients with RA, with their presence 
being associated with radiological progres-
sion7. Autoantibodies targeting acetylated 
proteins are also emerging as a new family of 
AMPAs8. These anti-acetylated protein anti-
bodies recognize proteins in which specific 
lysine residues have been modified to carry 
an acetyl group. Antibodies recognizing 
peptides, or proteins carrying an acetylated 
lysine residue are found in the (predominantly 
ACPA-positive) sera of a substantial portion 
of patients with RA8.

The study by Figueiredo et al.1 describes 
the spectrum of AMPAs found in 94 patients 
with RA in a state of stable remission, who 
were recruited from the RETRO trial. By 

 R H E U M ATO I D  A RT H R I T I S

Autoantibody testing to predict 
response to therapy in RA
Leendert A. Trouw and Rene E. M. Toes

New research shows that an extended autoantibody repertoire is associated 
with adverse clinical outcomes in patients with rheumatoid arthritis. 
Testing for rheumatoid factor and antibodies against citrullinated proteins 
is now routine in the evaluation of patients with rheumatoid arthritis; 
should this testing be extended to include other classes of autoantibody?

Refers to Figueiredo, C. P. et al. Antimodified protein antibody response pattern influences the risk for disease relapse 
in patients with rheumatoid arthritis tapering disease modifying antirheumatic drugs. Ann. Rheum. Dis. http://dx.doi.
org/10.1136/annrheumdis-2016-209297 (2016).

Figueiredo et al. describe 
considerable heterogeneity in the 
pattern of AMPA responses
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Prospective observational study to test the
effects of bDMARDs modalities on	CCP2 titers
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Effect of tocilizumab	treatment
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Effect of abatacept	treatment
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1. Anti-modified protein antibody (AMPA)	response in	RA

2. ACPA	and RF	induce local and systemic bone loss

3. ACPA	and AMPA	responses determine disease chronicity

4. Individual	DMARDs	differ in	their effects on	ACPA

Conclusions


