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Anti-citrullinated peptide antibodies (ACPA) are detected 
in the sera of rheumatoid arthritis (RA) patients and have 
a profound role in diagnosis of the disease. In this review 
we discuss the different cohorts of RA patients in whom the 
presence, sensitivity and specificity of ACPA were evaluated. 
The significance of ACPA in the pathogenesis and prognosis 
RA is also interpreted. Recent advances in the understanding 
of molecular pathways involved in the pathogenesis of RA 
have led to the identification of novel biologic agents that 
are now widely used in patients with RA 
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R heumatoid arthritis affects nearly 1% of the adult popula-
tion. It is characterized by chronic joint inflammation, 

pain and swelling, resulting in progressive joint destruction 
and disability [1,2]. Acording to the 2005 census data from 
the U.S. Centers for Disease Control, RA1 affects approximately 
1.5 million adults in the United States [3]. Although modern 
medicine has begun to overcome many of the disease signs and 
symptoms, the pathogenesis of the disease remains obscure. 
The shared epitope hypothesis, put forth by Gregersen et al. 
[4] in 1987, uncovered the significant role that genetics plays 
in the development of RA. Their study was the first of many to 
point out the association between RA and HLA class II alleles. 
Although not clear at the time, 
it has since been found that 
these alleles play a prominent 
role in the formation of anti-
citrullinated peptide antibod-
ies [5]. Hill and colleagues [6] 
provided further evidence for 
the close association between the shared epitope, citrullinated 
proteins and the development of RA, when they induced rheu-
matoid arthritis in DR4-IE transgenic mice simply by exposing 
them to citrullinated fibrinogen.

RA = rheumatoid arthritis

In accordance with the 2010 rheumatoid arthritis classifica-
tion criteria, ACPA2 detection is now used as a means of diagnos-
ing RA [7]. The biochemical mechanism of citrullination, there-
fore, is worth mentioning. Citrullination is a post-translational 
modification of a protein. More specifically, it is the replacement 
of a charged arginine with a neutral citrulline. This process is 
catalyzed by peptidylargininedeiminase, an intracellular enzyme 
that requires calcium for activation [8]. While a cell’s membrane 
is intact, intracellular calcium is maintained at low levels and 
PAD3 remains inactive. During inflammation and cell death, 
however, the cell membrane is compromised, thereby allowing 
both the leakage of calcium into the cell and PAD out of the 
cell [9]. The exposure of citrullinated proteins to the humoral 
immune system in those who are genetically, or otherwise, pre-
disposed leads to the formation of ACPA and in some cases the 
progression to an inflammatory disease of the joints, i.e., RA. 

ACPA detection

Once an association between ACPA and RA was established, 
the focus shifted toward creating the most accurate and repro-
ducible ways for detecting these antibodies in an individual’s 
serum. ACPA titers made a major diagnostic contribution to 
the 2010 RA classification criteria, in contrast to the previous 
1987 criteria where rheumatoid factor was the sole serological 
marker. This reflects our new confidence in obtaining reproduc-
ible ACPA titer results [7,10]. 

The cyclic citrullinated peptide-2 assay, first used in 2002, 
remains the gold standard for measuring the presence of ACPA in 
serum. The CCP24 assay has the advantage of being more sensitive 

than some of the newer tests; 
i.e., by acting as an antigen (a 
citrullinated protein) it detects 
a wide range of ACPA. To draw 
a comparison, Pruijn and team 
[11] compiled data from 154 
studies in order to evaluate the 

statistical performance of the CCP2 test. When these values were 
compared to those of other ACPA detection tests (CCP3, anti-

ACPA = anti-citrullinated peptide antibodies
PAD = peptidylargininedeiminase
CCP = citrullinated peptide

Citrullination is a post-translational 
modification of a protein. This process is 
catalyzed by peptidylargininedeiminase 
(PAD), an intracellular enzyme. Cigarette 

smoking triggers the formation of 
autoantibodies against citrullinated proteins 
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mutated citrullinated vimentin and RF5), the CCP2 assay was 
found to have the greatest sensitivity at a stratified specificity 
[11]. Mjaavatten et al. [12] found that anti-CCP and immuno-
globulin M rheumatoid factor together have an added predictive 
value. They also concluded that the higher these levels appear 
in serum the greater the likelihood for developing RA. A recent 
systematic review of 151 studies has demonstrated considerable 
heterogeneity in sensitivity (range 12%–93%) and specificity 
(63%–100%). In cohort studies that investigated second-gener-
ation anti-CCP2 antibodies in patients with early rheumatoid 
arthritis (less than 2 years), summary sensitivity and specificity 
were 57% (95% confidence interval 51%– 63%) and 96% (CI6 
93%– 97%), respectively. Anti-CCP2 had greater specificity 
than rheumatoid factor (96% vs. 86%), with similar sensitivity. 
Evidence was insufficient to ascertain whether the combination 
of anti-CCP2 and rheumatoid factor provides additional benefit 
over anti-CCP2 alone [13]. 

When we refer to ACPA we are in fact speaking of a group 
of antibodies, each with its own citrullinated protein target. Of 
great interest is pursuing the prognostic significance of the dif-
ferent ACPA. We know that many of the citrullinated peptides 
that play a role in RA are matrix proteins (filaggrin, keratin, 
fibrinogen, α-enolase, vimentin), and 
research continues in attempts to 
identify the significance of each in the 
disease process [14]. The anti-Sa anti-
bodies, first described in 1994, were known to be present in RA 
patients but further details were lacking [15]. Ten years later, 
it was shown that these antibodies are ACPA targeted specifi-
cally against citrullinated vimentin [16]. Much work has been 
done since, both in elucidating the significance of citrullinated 
vimentin as the initiator of ACPA formation and in evaluating 
the ability of anti-Sa measurements to diagnose RA. 

A review published by Van Steendam et al. [17] provided three 
strong arguments for the importance of citrullinated vimentin in 
RA: Firstly, shared epitope alleles (proven to be a risk factor for 
developing RA) are closely tied with antibodies against citrul-
linated vimentin; secondly, citrullinated vimentin is present in the 
affected joints of RA patients; and thirdly, citrullinated vimentin 
peptides bind to HLA-DR better than non-citrullinated vimen-
tin. With regard to its potential use as a prognostic factor, these 
authors concluded that anti-Sa antibodies are a better predictor 
of RA severity as compared to RF, anti-CCP, and SE. Although 
there is little doubt that citrullinated vimentin plays a major role 
in the initiation and progression of RA, the major drawback of 
the anti-Sa test, according to many studies, is that its sensitivity 
is significantly lower than the CCP2, reaching 43% in a study by 
Lopez-Longo and co-researchers [18], leading to an understand-
ing that the anti-CCP2 assay is best used as a diagnostic test, while 
the anti-Sa test has more prognostic value [19].

RF = rheumatoid factor
CI = confidence interval

The anti-mutated citrullinated vimentin (anti-MCV) test is 
another detection tool that may have a unique ability to diagnose 
RA. Antibodies targeted against mutated vimentin (vimentin with 
glycine residues replaced by arginine) have been identified in the 
serum of many RA patients [20]. These mutated proteins are not 
necessarily citrullinated, leading many to believe that the anti-
MCV test should be able to detect antibodies that the CCP2 assay 
cannot. If this were the case, the sensitivity of previous RA diagnos-
tic tests could be improved. The study by Bang et al. [20] showed 
that this is indeed true. However, another study on RA patients 
from Oman failed to corroborate these results [21]. In fact this 
group concluded that anti-MCV is an inferior diagnostic tool when 
compared to the CCP2 test [21]. Furthermore, a similar conclusion 
was reached in a large cohort study performed by an Italian group. 
They determined not only that the sensitivity of the anti-MCV test 
is lower than anti-CCP but that anti-MCV is not specific to RA (it 
was also found in patients with infectious diseases) [22].

Pathogenic and prognostic factors of ACPA 

Several groups reported that ACPA can be detected years before 
the onset of disease and are associated with a more aggres-
sive disease course [23,24]. ACPA in the inflamed synovium 

has been shown to be associated with 
citrullinated antigens to form immune 
complexes, resulting in progression of 
the inflammatory process [25]. Yet, the 

pathologic relevance and the potential influence on tissue injury 
mediated by these antibodies remain unclear.

ACPA-derived sera derived from the murine model of 
collagen-induced arthritis (specific for the citrullinated proteins 
filaggrin and fibrinogen) were shown to bind sections of rat 
esophagus [26]. Transfer of monoclonal ACPA was insufficient 
to induce arthritis in DBA/1 mice. However, aggravation in anti-
collagen antibody-induced arthritis was demonstrated following 
co-administration of monoclonal antibodies specific to citrulli-
nated fibrinogen antibodies together with an arthrogenic anti-CII 
monoclonal antibody cocktail [26]. This result suggests that there 
is no target injury in the absence of citrullinated target antigens, 
but when these antigens are present ACPA can greatly amplify 
inflammation and damage.

Ex vivo studies with human macrophages and mast cells 
have clearly indicated that ACPA-related immune complexes can 
stimulate pro-inflammatory cytokine production [27]. The effect 
of ACPA on immune cells in experimental models is an important 
step for understanding the involvement of ACPA in the RA process.

The question arises as to whether the quantity of ACPA in 
the serum has any prognostic relevance. A study by Ursum and 
collaborators [28] suggests this not to be the case. They assert 
that although ACPA positivity does reflect more aggressive dis-
ease, the quantity of ACPA in serum is of no relevance. Laki et 

Modern ACPA tests have high 
specificity levels reaching 96% in 

the diagnosis of early RA

MCV = mutated citrullinated vimentin
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for developing RA. Kapitany et al. [36], in an article published 
in IMAJ, sought to find the biochemical explanation for this 
association. When comparing 53 patients with RA, this group 
found a significant correlation between HLA-DR4 and anti-
CCP levels. Thus, they came to the conclusion that HLA-DR4 
allele positivity poses an increased risk to developing RA 
because of its association with higher serum ACPA levels.

In an attempt to uncover those features that provoke geneti-
cally predisposed people toward developing RA, Klareskog and 
associates [37] evaluated the role of environmental factors in 
disease onset. It was shown that in HLA-DR-positive patients, 
cigarette smoking triggers the formation of autoantibodies 
against citrullinated proteins. More recently, it was shown that 
HLA-DRB1 SE, PTPN22 polymorphism (another known RA 
risk factor), and smoking, together are associated more signifi-
cantly with ACPA reactivities than with anti-CCP levels. This 
study and others showed the complexities of the relationship 
between genetics and environment. They assert that further 
genetic analysis will allow for separation of RA into subgroups 
that each have specific risk factors and disease course [38,39]. 

Interestingly, socioeconomic status was found to have an 
impact on the phenotype of RA as well. In a study carried out in 
the UK, it was shown that a low socioeconomic status predicted 

rheumatoid factor positivity but 
not ACPA positivity, a result that 
was independent of smoking 

[40]. This group took into account a risk factor that has not 
been extensively studied, and the correlation should direct our 
attention toward ways that we can provide care and information 
for these at-risk groups.

Conclusions

RA, which not long ago caused significantly greater morbidity, 
is now managed considerably better thanks in large part to 
advancements in diagnostics and pharmacotherapy. Our grow-
ing knowledge of the relationship between ACPA and RA has 
been and continues to be an integral part of this progress. In 
addition to enhancing our understanding of the etiology of 
this disease it has been fundamental in improving our ability to 
diagnose RA at a pre-disease phase. It is clear that the more we 
uncover about ACPA, the better able we become at decreasing 
disease-associated morbidity. Much continues to be learned 
of this newly discovered group of antibodies and we continue 
to find ways to use it to our advantage. In a broad sense, the 
future of ACPA research seems to lie in expansion of our abil-
ity to separate RA patients into subgroups, thus allowing for 
treatments better tailored to the individual.
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al. [29] reached a similar conclusion. They found no difference 
in disease activity in those with moderate amounts of ACPA 
versus those with very high levels.

Because of the availability and reproducibility of ACPA 
detection tests in diagnosing RA, it became relevant to evalu-
ate whether ACPA positivity has any correlation with response 
to treatment. da Mota et al. [30] followed a cohort of 40 RA 
patients for 3 years as they received standard treatment. The 
group found no statistically significant difference between 
ACPA-positive and negative patients with regard to remission 
after treatment. Other groups reported superior responses to 
infliximab in patients who are ACPA positive but could not find 
a strong enough correlation for use in predicting the response 
in individual patients [31].

ACPA monitoring throughout disease

Ideally, we would like to have a marker that allows for both the 
monitoring of RA disease activity and for evaluation of a patient’s 
response to therapy. Van der Woude and team [32] investigated 
the progression of ACPA throughout the normal course of RA. 
They found that as the undifferentiated arthritis phase progresses 
toward RA, ACPA levels do increase in detectable amounts. 
Once enough criteria for RA have been met and the diagnosis is 
established, ACPA levels remain 
stable. The stability of ACPA lev-
els has been shown in numerous 
other studies, providing strong evidence for the ineffectiveness of 
its use as a marker of disease progression [33]. Kolarz et al. [34] 
evaluated the potential value of using ACPA levels to measure 
disease regression in RA patients being treated with infliximab. 
They found that although the disease ameliorates with treatment 
(evidenced by a decrease in both symptoms and inflammatory 
factors), ACPA levels remain unchanged. This study provides 
further evidence that quantifying ACPA in RA patients is an 
inappropriate means of monitoring the efficacy of infliximab 
treatment. Of note, the group did find a correlation between 
disease regression and IgM7 RF, which they claim can be an 
effective measure to monitor success of treatment. However, in 
a recent study Bohler et al. [35] demonstrated that ACPA and RF 
levels decreased significantly after 6 months of biological therapy. 
The reductions of both autoantibodies were closely related to the 
reduction of concomitant disease activity. 

RA risk factors

As mentioned previously, the etiology of RA remains unclear, 
yet new risk factors and biochemical explanations for old risk 
factors continue to be uncovered. An awareness of the interplay 
between genetics and the environment is integral when broach-
ing this subject. Genetically, it was previously recognized that 
HLA-DR4 alleles, known as shared epitopes, are a risk factor 

IgM = immunoglobulin M

ACPA positivity reflects more aggressive  
and erosive disease in RA patients



REVIEWS

 587

IMAJ • VOL 15 • september 2013

22.	 Bartoloni E, Alunno A, Bistoni O, et al. Diagnostic value of anti-mutated 
citrullinated vimentin in comparison to anti-cyclic citrullinated peptide and 
anti-viral citrullinated peptide 2 antibodies in rheumatoid arthritis: an Italian 
multicentric study and review of the literature. Autoimmun Rev 2012; 11 (11): 
815-20.

23.	 Meyer O, Nicaise-Roland P, Santos MD, et al. Serial determination of 
cyclic citrullinated peptide autoantibodies predicted five-year radiological 
outcomes in a prospective cohort of patients with early rheumatoid arthritis. 
Arthritis Res Ther 2006; 8 (2): R40.

24.	 Nielen MM, van Steendam D, Reesink HW, et al. Specific autoantibodies 
precede the symptoms of rheumatoid arthritis: a study of serial measurements 
in blood donors. Arthritis Rheum 2004; 50 (2): 380-6.

25.	 Van Steendam K, Tilleman K, De CM, De KF, Elewaut D, Deforce D. 
Citrullinated vimentin as an important antigen in immune complexes 
from synovial fluid of rheumatoid arthritis patients with antibodies against 
citrullinated proteins. Arthritis Res Ther 2010; 12 (4): R132.

26.	 Kuhn KA, Kulik L, Tomooka B, et al. Antibodies against citrullinated proteins 
enhance tissue injury in experimental autoimmune arthritis. J Clin Invest 2006; 
116 (4): 961-73.

27.	 Clavel C, Nogueira L, Laurent L, et al. Induction of macrophage secretion 
of tumor necrosis factor alpha through Fcgamma receptor IIa engagement 
by rheumatoid arthritis-specific autoantibodies to citrullinated proteins 
complexed with fibrinogen. Arthritis Rheum 2008; 58 (3): 678-88.

28.	 Ursum J, Bos WH, van Dillen N, Dijkmans BA, van Steendam D. Levels of anti-
citrullinated protein antibodies and IgM rheumatoid factor are not associated 
with outcome in early arthritis patients: a cohort study. Arthritis Res Ther 2010; 
12 (1): R8.

29.	 Laki J, Lundstrom E, Snir O, et al. Very high levels of anti-citrullinated protein 
antibodies are associated with HLA-DRB1*15 non-shared epitope allele in 
patients with rheumatoid arthritis. Arthritis Rheum 2012; 64 (7): 2078-84.

30.	 da Mota LM, Dos Santos Neto LL, de Carvalho JF, et al. The presence of anti-
citrullinated protein antibodies (ACPA) and rheumatoid factor on patients 
with rheumatoid arthritis (RA) does not interfere with the chance of clinical 
remission in a follow-up of 3 years. Rheumatol Int 2012; 32 (12): 3807-12.

31.	 Klaasen R, Cantaert T, Wijbrandts CA, et al. The value of rheumatoid factor and 
anti-citrullinated protein antibodies as predictors of response to infliximab in 
rheumatoid arthritis: an exploratory study. Rheumatology (Oxford) 2011; 50 (8): 
1487-93.

32.	 van der Woude D, Rantapaa-Dahlqvist S, Ioan-Facsinay A, et al. Epitope 
spreading of the anti-citrullinated protein antibody response occurs before 
disease onset and is associated with the disease course of early arthritis. Ann 
Rheum Dis 2010; 69 (8): 1554-61.

33.	 Mjaavatten MD, van der Heijde DM, Uhlig T, et al. Should anti-citrullinated 
protein antibody and rheumatoid factor status be reassessed during the first 
year of followup in recent-onset arthritis? A longitudinal study. J Rheumatol 
2011; 38 (11): 2336-41.

34.	 Kolarz B, Majdan M, Dryglewska M, Darmochwal-Kolarz D. Antibodies against 
cyclic citrullinated peptide don’t decrease after 6 months of infliximab treatment 
in refractory rheumatoid arthritis. Rheumatol Int 2011; 31 (11): 1439-43.

35.	 Bohler C, Radner H, Smolen JS, Aletaha D. Serological changes in the 
course of traditional and biological disease modifying therapy of rheumatoid 
arthritis. Ann Rheum Dis 2013; 72 (2): 241-4.

36.	 Kapitany A, Szabo Z, Lakos G, et al. Associations between serum anti-CCP 
antibody, rheumatoid factor levels and HLA-DR4 expression in Hungarian 
patients with rheumatoid arthritis. IMAJ 2008; 10 (1): 32-6.

37.	 Klareskog L, Stolt P, Lundberg K, et al. A new model for an etiology of 
rheumatoid arthritis: smoking may trigger HLA-DR (shared epitope)-
restricted immune reactions to autoantigens modified by citrullination. 
Arthritis Rheum 2006; 54 (1): 38-46.

38.	 Arnson Y, Shoenfeld Y, Amital H. Effects of tobacco smoke on immunity, 
inflammation and autoimmunity. J Autoimmun 2010; 34 (3): J258-65.

39.	 Lundberg K, Bengtsson C, Kharlamova N, et al. Genetic and environmental 
determinants for disease risk in subsets of rheumatoid arthritis defined by the 
anticitrullinated protein/peptide antibody fine specificity profile. Ann Rheum 
Dis 2012; 72: 652-8

40.	 Mackie SL, Taylor JC, Twigg S, et al. Relationship between area-level socio-
economic deprivation and autoantibody status in patients with rheumatoid 
arthritis: multicentre cross-sectional study. Ann Rheum Dis 2012; 71 (10): 1640-5.

References
1.	 Chovel-Sella A, Karplus R, Sella T, Amital H. Clinical efficacy and adverse 

effects of golimumab in the treatment of rheumatoid arthritis. IMAJ 2012; 
14 (6): 390-4.

2.	 Kerekes G, Soltesz P, Szucs G, et al. Effects of adalimumab treatment on 
vascular disease associated with early rheumatoid arthritis. IMAJ 2011; 13 
(3): 147-52.

3.	 Helmick CG, Felson DT, Lawrence RC, et al. Estimates of the prevalence of 
arthritis and other rheumatic conditions in the United States. Part I. Arthritis 
Rheum 2008; 58 (1): 15-25.

4.	 Gregersen PK, Silver J, Winchester RJ. The shared epitope hypothesis. An 
approach to understanding the molecular genetics of susceptibility to 
rheumatoid arthritis. Arthritis Rheum 1987; 30 ( 11): 1205-13.

5.	 Huizinga TW, Amos CI, van der Helm-van Mil AH, et al. Refining the 
complex rheumatoid arthritis phenotype based on specificity of the HLA-
DRB1 shared epitope for antibodies to citrullinated proteins. Arthritis Rheum 
2005; 52 (11): 3433-8.

6.	 Hill JA, Bell DA, Brintnell W, et al. Arthritis induced by posttranslationally 
modified (citrullinated) fibrinogen in DR4-IE transgenic mice. J Exp Med 
2008; 205 (4): 967-79.

7.	 Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis classification 
criteria: an American College of Rheumatology/European League Against 
Rheumatism collaborative initiative. Arthritis Rheum 2010; 62 (9): 2569-81.

8.	 Vossenaar ER, Zendman AJ, van Venrooij WJ, Pruijn GJ. PAD, a growing 
family of citrullinating enzymes: genes, features and involvement in disease. 
Bioessays 2003; 25 (11): 1106-18.

9.	 Asaga H, Yamada M, Senshu T. Selective deimination of vimentin in calcium 
ionophore-induced apoptosis of mouse peritoneal macrophages. Biochem 
Biophys Res Commun 1998; 243 (3): 641-6.

10.	 Arnett FC, Edworthy SM, Bloch DA, et al. The American Rheumatism 
Association 1987 revised criteria for the classification of rheumatoid arthritis. 
Arthritis Rheum 1988; 31 (3): 315-24.

11.	 Pruijn GJ, Wiik A, van Venrooij WJ. The use of citrullinated peptides and 
proteins for the diagnosis of rheumatoid arthritis. Arthritis Res Ther 2010; 
12 (1): 203.

12.	 Mjaavatten MD, van der HD, Uhlig T, et al. The likelihood of persistent 
arthritis increases with the level of anti-citrullinated peptide antibody and 
immunoglobulin M rheumatoid factor: a longitudinal study of 376 patients 
with very early undifferentiated arthritis. Arthritis Res Ther 2010; 12 (3): R76.

13.	 Whiting PF, Smidt N, Sterne JA, et al. Systematic review: accuracy of anti-
citrullinated peptide antibodies for diagnosing rheumatoid arthritis. Ann 
Intern Med 2010; 152 (7): 456-64.

14.	 Boissier MC, Semerano L, Challal S, Saidenberg-Kermanac’h N, Falgarone G. 
Rheumatoid arthritis: from autoimmunity to synovitis and joint destruction. 
J Autoimmun 2012; 39 (3): 222-8.

15.	 Despres N, Boire G, Lopez-Longo FJ, Menard HA. The Sa system: a novel 
antigen-antibody system specific for rheumatoid arthritis. J Rheumatol 1994; 
21 (6): 1027-33.

16.	 Vossenaar ER, Despres N, Lapointe E, et al. Rheumatoid arthritis specific anti-Sa 
antibodies target citrullinated vimentin. Arthritis Res Ther 2004; 6 (2): R142-50.

17.	 Van Steendam K, Tilleman K, Deforce D. The relevance of citrullinated vimentin 
in the production of antibodies against citrullinated proteins and the pathogenesis 
of rheumatoid arthritis. Rheumatology (Oxford) 2011; 50 (5): 830-7.

18.	 Lopez-Longo FJ, Rodriguez-Mahou M, Sanchez-Ramon S, et al. Anti-cyclic 
citrullinated peptide versus anti-Sa antibodies in diagnosis of rheumatoid 
arthritis in an outpatient clinic for connective tissue disease and spondyloarthritis. 
J Rheumatol 2006; 33 (8): 1476-81.

19.	 Rodriguez-Mahou M, Lopez-Longo FJ, Sanchez-Ramon S, et al. Association 
of anti-cyclic citrullinated peptide and anti-Sa/citrullinated vimentin 
autoantibodies in rheumatoid arthritis. Arthritis Rheum 2006; 55 (4): 657-61.

20.	 Bang H, Egerer K, Gauliard A, et al. Mutation and citrullination modifies 
vimentin to a novel autoantigen for rheumatoid arthritis. Arthritis Rheum 2007; 
56 (8): 2503-11.

21.	 Al-Shukaili A, Al-Ghafri S, Al-Marhoobi S, Alkaabi J. Evaluation of anti-mutated 
citrullinated vimentin antibodies, anti-cyclic citrullinated peptide antibodies and 
rheumatoid factor in Omani patients with rheumatoid arthritis. Int J Rheumatol 
2012;2012:285854. doi: 10.1155/2012/285854. Epub 2012 Aug 15




