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Abstract

Objective

Identification of a biomarker for disease activity in eosinophilic granulomatosis with polyan-

giitis (EGPA; Churg-Strauss) remains an unmet need. This study examined the value of

serum periostin, a marker of type 2 inflammation, as a measure of disease activity in

patients with EGPA.

Methods

Participants enrolled in a multicenter, prospective cohort of patients with EGPA were

included in this study if they had disease activity (defined as Birmingham Vasculitis Activity

Score [BVAS] > 0) during follow-up. Serum levels of periostin were measured at flare visit as

well as two pre- and two post-flare visits, if available. The outcome of disease activity was

assessed either with BVAS or Physician Global Assessment (PGA). Mixed-effect models

were used to examine the association between periostin levels and disease activity. Com-

parisons were made with a historical cohort of healthy individuals and patients with asthma.

Results

In the 49 patients included in the study, the median periostin level was 60 ng/ml (IQR 50 to

73) in all visits and did not significantly change across visits. Multivariate analyses found no
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association between periostin level and presence or absence of flare according to the BVAS

(adjusted OR 1.00 [95% CI 0.98 to 1.02], p = 0.98) but an increase in periostin level was sig-

nificantly associated with greater disease severity during a flare according to the PGA

(adjusted beta-coefficient 0.02 [95% CI 0.004 to 0.03], p = 0.01). Periostin levels in EGPA

were significantly higher than previously studied healthy controls and patients with asthma.

Conclusion

In EGPA serum periostin level is modestly associated with greater disease severity during a

flare but does not discriminate active from inactive disease. Periostin levels in EGPA are

higher than in other previously studied cohorts, including healthy populations and patients

with asthma, and are relatively stable over time.

Introduction

Eosinophilic granulomatosis with polyangiitis (EGPA, Churg-Strauss) is a multi-organ inflam-

matory disorder with common manifestations of asthma, rhinosinusitis, and peripheral blood

eosinophilia[1]. Other potential areas of involvement include the lung parenchyma, nervous

system, skin, gastrointestinal tract, and heart. While EGPA is considered a type of anti-neutro-

phil cytoplasmic antibody (ANCA)-associated vasculitis, only about 40% of patients have posi-

tive ANCA and vasculitic manifestations may not be present initially.

While therapeutic management has improved outcomes in EGPA, relapses remain a signifi-

cant issue. In particular, distinguishing other disease activity from EGPA versus an isolated

asthma exacerbation or infection is challenging and has important ramifications, including the

escalation of potentially toxic immunosuppressive treatment. Similarly, differentiating active

inflammation from permanent damage caused by prior disease is often difficult. Commonly

used laboratory markers, such as blood eosinophil count, serum immunoglobulin E (IgE),

erythrocyte sedimentation rate (ESR), or C-reactive protein (CRP), do not reliably discrimi-

nate active disease in EGPA from non-EGPA disease or damage, and are unpredictably influ-

enced by glucocorticoids and other immunosuppressive therapies[2].

Serum periostin is a matricellular protein secreted by airway epithelial cells in response to

stimulation by IL-13 and IL-4 and facilitates eosinophil-mediated type 2 inflammation and

fibrosis, which are processes involved in EGPA[3–6]. The role of periostin in asthma and type

2 inflammatory responses has been increasingly recognized[7, 8]. Serum periostin has been

associated with persistent eosinophilic airway inflammation in asthma[7] and higher fre-

quency of asthma exacerbations[9]. It may also identify asthma patients who likely benefit

most from therapies targeting type 2 inflammation like the IL-4Ra, IL-13 and IgE[10–13]. Peri-

ostin is also elevated in other eosinophilic syndromes, including eosinophilic otitis media and

eosinophilic esophagitis[14, 15].

The objective of this study was to examine the role of serum periostin as a biomarker in

patients with EGPA.

Materials and methods

Study population

Patients enrolled in the Vasculitis Clinical Research Consortium (VCRC) Longitudinal Study

of EGPA were eligible for this study. The VCRC is comprised of over 15 international
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academic medical centers dedicated to conducting clinical and translational research in vascu-

litis. The Longitudinal Study of EGPA is an observational prospective cohort that collects clini-

cal, laboratory, and blood samples of patients with EGPA at regular intervals (typically every 3

months) at 8 VCRC Centers in the United States and Canada. Patients are eligible to be

enrolled in the cohort if they meet the American College of Rheumatology classification crite-

ria for Churg-Strauss Syndrome (i.e., EGPA) and do not have any other inflammatory or auto-

immune conditions[16]. This study was approved by the Institutional Review Board of the

University of Pennsylvania and written informed consent was obtained from all participants.

For this study, disease activity was defined according to a validated disease activity index,

the Birmingham Vasculitis Activity Score (BVAS)[17] with BVAS > 0 indicating active disease

and BVAS = 0 indicating remission. Patients were included if they had a remission visit AND

either active disease during a study visit (flare visit) or active disease between study visits.

Patients with more than 1 distinct flare within 6 months were excluded (n = 2). Patients also

had to have available serum samples corresponding to visits of interest in order to perform

periostin testing.

Exposure, outcomes, and co-variates

Serum levels of periostin were measured using the clinical trial version of the Elecsys1 Perios-

tin assay (Roche Diagnostics, Penzberg Germany) which has been developed for clinical use

and demonstrated to have high precision and reliability[18]. Absolute levels of periostin as

well as changes in levels between 2 sequential visits (e.g., pre-flare to flare) were examined. The

outcomes of interest were presence or absence of disease activity (i.e., flare vs remission) deter-

mined by BVAS (BVAS = 0 indicated remission and BVAS > 0 indicating active disease) and

severity of flare according to Physician Global Assessment (PGA) score, which is the study

physician’s assessment of severity of flare on a 10-point scale (score of 0 is remission and 10 is

severe disease activity). Examples of a severe flare include any life- and/or organ-threatening

manifestations such as cardiomyopathy, renal involvement, or neuropathy; mild flares include

symptoms such as sinusitis, rash, or arthralgias. The BVAS and PGA are complementary but

distinct: the BVAS is a count of disease manifestations during a flare and for this study was

used to indicate presence or absence of active disease, regardless of disease severity. The PGA

takes into account severity of disease activity. Both the BVAS and PGA scores are validated

outcome measures which are highly reliable and correlated and no significant differences or

outliers among the scores were found across 10 investigators in a validation study[17, 19].

During periods of remission, both BVAS and PGA are zero.

Co-variates and biospecimens were collected at time of visit according to protocol. Baseline

(time of entry into cohort) demographics and disease characteristics (ANCA positivity ever

and organ involvement any time since diagnosis) were obtained. At each visit, laboratory

markers (including blood eosinophil count, serum immunoglobulin E, erythrocyte sedimenta-

tion rate, and C-reactive protein), disease activity and manifestations, and medications were

recorded.

Statistical analysis

Two-sample comparisons were performed using Wilcoxon rank sum test for continuous vari-

ables and chi-square test for categorical variables. Mixed-effect models examined the associa-

tion between serum periostin levels (both absolute levels at each visit and changes in levels

between visits) and disease activity, with the patient as the random effect to allow for assess-

ment of changes within-patient. All models adjusted for ANCA type (ever positive or not),

active asthma in the past 28 days, current prednisone use, and current use of other
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immunosuppressive therapies (cyclophosphamide, rituximab, azathioprine, methotrexate, or

mycophenolate). Serum periostin levels for this cohort were compared using Student’s t-test to

those of historical cohorts of healthy patients or patients with asthma based on previously pub-

lished data using the same assay[9, 20]. A secondary analysis was performed between patients

with EGPA who experienced an increase in serum periostin at time of flare visit from prior

visit vs those who did not as well as between severe vs mild disease activity during flare.

Results

There were 49 patients with EGPA with 186 visits who were included in this study (Table 1).

All patients had a flare visit, 43 (88%) patients had at least 1 remission visit prior to the flare,

and 37 (76%) patients had at least 1 remission visit after the flare. Forty-six of the 49 patients

had active disease within the past 28 days while 3 patients had active disease since the prior

visit but not within 28 days of the study visit. Similar to previously described cohorts, 29% of

patients were myeloperoxidase (MPO)-ANCA positive, 51% had a history of a prior flare of

EGPA, and the vast majority of patients had ear, nose, or throat (ENT) and lung involvement

at some point in the disease course. At the time of the flare visit, more than half had ENT and/

or lung involvement and the majority of patients were receiving some form of systemic

immunosuppression.

Median serum periostin level was 60 ng/ml (IQR 50 to 73) for all patients at all visits. Peri-

ostin levels remained fairly stable across visits regardless of disease activity status with median

level of 60 ng/ml (IQR 50 to 73) for all flare visits and 59 ng/ml (IQR 50 to 72) for all remission

visits (Fig 1). No significant changes were observed overall between the flare and post-flare vis-

its (Fig 2). Patients with EGPA had significantly higher periostin levels when compared to pre-

viously published cohorts of healthy controls[20] (mean periostin 66 ng/ml [SD 25] vs 51 ng/

ml [SD 12], p < 0.01) and patients with asthma[9] (mean periostin 66 ng/ml [SD 25] vs 51 ng/

ml [SD 14], p < 0.01).

Multivariate analyses showed that periostin levels were not associated with a flare (yes vs

no) visit after adjusting for baseline periostin level, ANCA type (ever positive or not), active

asthma in the past 28 days, and use of immunosuppressive therapies (adjusted OR 1.00 [95%

CI 0.98 to 1.02], p = 0.98)(Table 2). The median change in periostin level compared to the

prior visit was 3 ng/ml (IQR -6 to 11) and change in periostin level between any 2 sequential

visits was not associated with flare (yes vs no) visit (adjusted OR 0.99 [95% CI 0.97 to 1.01],

p = 0.15). Furthermore, examination of BVAS as a continuous measure, instead of binary yes

vs no for flare, also showed no association with periostin (beta-coefficient 0.004 [95% CI

-0.024 to 0.032], p = 0.79).

When the severity of disease activity was examined according to the PGA score at each

study visit, there was an association between increased periostin level and a higher PGA score

(adjusted beta-coefficient 0.02 [95% CI 0.004 to 0.03], p = 0.01) (Table 2). There was no associ-

ation between change in periostin level and the PGA. When the analysis was restricted to only

flare visits, periostin level remained significantly associated with PGA (adjusted beta-coeffi-

cient 0.03 [95% CI 0.007 to 0.05], p = 0.01). To determine if periostin level was different

between mild vs severe flares, we examined the association between periostin level and severity

of disease activity according to PGA score (PGA score < 5 is mild and PGA score� 5 is

severe). We found a non-significant increase in periostin level in patients with severe disease

vs mild disease, although this association was not statistically significant (beta-coefficient 20

[95% CI -2 to 41], p = 0.07).

Among the subgroup of 20 patients who had an increase in serum periostin level between

the pre-flare and flare visit, patients who experienced an increase in serum periostin had a
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higher median serum periostin level and blood eosinophil count at the time of the flare com-

pared to those without a rise in periostin (Table 3). As expected, in univariate analysis blood

eosinophil count is associated with serum periostin (for every 0.1 x 109/L increase in blood

Table 1. Characteristics of study patients with eosinophilic granulomatosis with polyangiitis.

All

N = 49

Low Periostin

(< 50 ng/ml)

N = 13

High Periostin

(� 50 ng/ml)

N = 36

P-value

Baseline characteristics
Female 51% 46% 53% 0.68

White race 94% 100% 92% 0.56

MPO-ANCA positive (ever) 29% 38% 25% 0.36

Eosinophilia greater than 10% at diagnosis 92% 92% 92% 0.94

Elevated IgE level at diagnosis 45% 38% 47% 0.59

Prior history of flare of EGPA after achieving clinical remission 51% 69% 44% 0.13

Clinical manifestations of EGPA at any time since diagnosis
Ear, nose, throat 94% 92% 94% 0.78

Lung 92% 100% 89% 0.21

Nervous system 61% 62% 61% 0.98

Skin 59% 69% 56% 0.39

Cardiac 22% 15% 25% 0.48

Kidney 14% 23% 11% 0.29

Characteristics at flare visit
Age 53 (41 to 60) 53 (51 to 60) 53 (38 to 62) 0.70

BVAS 5 (2 to 7) 5 (4 to 7) 5 (2 to 8) 0.51

Serum periostin, ng/ml 60 (50 to 73) 45 (41 to 46) 69 (57 to 81) < 0.01

Blood eosinophil count, 109/L 0.47

(0.09 to 0.86)

0.29

(0.07 to 0.66)

0.53

(0.14 to 0.92)

0.35

Serum IgE level, mg/L 120 (22 to 277) 110 (4 to 250) 135 (22 to 374) 0.76

ESR, mm/hour 10 (4 to 22) 14 (8 to 27) 8 (4 to 21) 0.29

CRP, mg/L 2 (1 to 5) 3 (1 to 20) 2 (1 to 5) 0.25

Clinical manifestations of EGPA

Ear, nose, throat 51% 46% 53% 0.68

Lung 65% 69% 64% 0.73

Nervous system 4% 8% 3% 0.44

Skin 8% 8% 8% 0.94

Cardiac 4% 8% 3% 0.44

Kidney 4% 8% 3% 0.44

Medications at flare visit
Systemic glucocorticoids 74% 83% 71% 0.39

Inhaled glucocorticoids 62% 64% 61% 0.89

Cyclophosphamide 2% 0 3% 0.54

Rituximab 9% 8% 9% 0.98

Azathioprine 30% 50% 24% 0.09

Methotrexate 26% 33% 24% 0.48

Mycophenolate 7% 8% 6% 0.10

Values expressed as median (interquartile range [IQR]) or percentage

BVAS, Birmingham Vasculitis Activity Score. CRP, C-reactive protein. ESR, erythrocyte sedimentation rate. IgE, immunoglobulin E. MPO-ANCA, anti-

myeloperioxidase antineutrophil cytoplasmic antibody.

https://doi.org/10.1371/journal.pone.0205768.t001
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eosinophil count, beta-coefficient 1.1 [95% CI 0.9 to 1.4], p< 0.01). At the flare visit patients

with an increase in periostin level also had a higher PGA score and were less likely to be receiv-

ing azathioprine or inhaled glucocorticoids.

Discussion

In EGPA, identifying active disease is often challenging especially when non-specific symp-

toms occur, such as worsening of asthma or rhinosinusitis. The development of predictive or

diagnostic biomarkers would greatly improve the ability to determine who will or is currently

relapsing. This study aimed to investigate the utility of serum periostin, which has been found

to be elevated in other eosinophilic syndromes. This study found that while serum periostin

does not discriminate active from inactive disease in EGPA, based on the standard disease

activity index (BVAS), a higher periostin level is modestly associated with greater disease

severity according to physician assessment. Furthermore, periostin levels are higher in EGPA

Fig 1. Median periostin level at all visits of patients with eosinophilic granulomatosis with polyangiitis (EGPA) compared to control groups. Visit types

are arranged relative to the relapse visit (0). Periostin levels were stable across visits regardless of disease activity status. Levels for healthy control and asthma

groups were obtained from previously-published data using same assay and were significantly lower compared to periostin levels of patients with EGPA who

were relapsing (p < 0.01).

https://doi.org/10.1371/journal.pone.0205768.g001
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compared to previously-studied cohorts of healthy populations and patients with asthma[9,

20].

Interestingly, two different measurements of disease activity yielded different results in this

study. The BVAS is a useful tool which enumerates disease manifestations within the past 28

days while PGA is a summation measure based on the physician’s judgment. Therefore, it is

possible, for example, that 2 patients with lung infiltrates will have the same BVAS but have

different PGA scores if one patient has more severe symptoms and lung involvement than the

other. The significant albeit modest association between periostin level and PGA but not

BVAS suggests that periostin levels are sensitive to gradations in disease severity determined

by the physician and no organ-specific involvement. In addition, the BVAS incorporates all

manifestations within the past 28 days while the PGA score used in this study only evaluated

disease activity on the day of the visit; thus, the use of immunosuppressive therapy (e.g., pred-

nisone) since the onset of symptoms may have mitigated expected changes in periostin level.

While a statistically significant association was seen between PGA and periostin, the

strength of the association was modest. This may be due in part to the mild severity of flares

which may have contributed to less pronounced changes in periostin levels. As discussed

Fig 2. Individual participant periostin levels at flare and post-flare visit. This spaghetti plot depicts individual change in periostin level from flare to post-

flare visit with a single line representing a single individual. Overall, no significant differences were observed in periostin level between flare and post-flare visit.

https://doi.org/10.1371/journal.pone.0205768.g002
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previously, the large majority of patients in this cohort were receiving inhaled or oral immuno-

suppressive therapies which may also have affected results. Prior studies demonstrated that

inhaled glucocorticoids affect serum periostin levels in asthma[5] and the current study found

that patients on azathioprine were less likely to have an increase in periostin level at time of a

flare. It is difficult, however, to know if the association between medications and periostin

level are due to direct effects of immunosuppressives on periostin versus indirect effects medi-

ated by better disease control (i.e., patients on immunosuppressives have less severe disease

activity and therefore lower levels of periostin). Lastly, serum periostin levels can originate

from sources other than the airway, further confounding results.

Notably, while the periostin levels were fairly stable across visits, they were overall much

higher than previously-described cohorts, including patients with asthma, despite the concur-

rent use of immunosuppressive therapy. The use of periostin in distinguishing EGPA from

other eosinophilic syndromes, including isolated asthma, deserves further exploration.

There were several limitations to this study. Asthma and sinusitis, which in isolation are not

considered to be features of active disease in EGPA, were poorly characterized and may have

been important confounders in the analysis. Disease activity measurements relied in part on

investigator judgment and may have been less sensitive to subclinical or low levels of disease

activity. Lastly, as discussed above, the majority of patients were receiving immunosuppressive

therapy during the flare visit which may further have dampened the performance of the bio-

marker. Dosage of immunosuppressive therapies was not available to further understand effects

of medications on periostin level. However, this study closely resembled a real-world setting

and, therefore, more accurately characterizes the effectiveness of periostin as a biomarker.

Despite these limitations, the major strength of this study was its use of a fairly large, pro-

spective longitudinal cohort of patients with this rare disease and with assessment and data

collection performed by experts in EGPA. Standardized forms were used to collect data such

as disease activity, medications, and laboratory values. Serum periostin in all samples was mea-

sured with a validated assay that was developed for clinical use.

In conclusion, serum periostin level is modestly associated with severity of disease activity

during flare according to the PGA score but does not discriminate active from inactive disease.

Table 2. Relationship between serum periostin and disease activity in eosinophilic granulomatosis with polyangiitis.

Outcome Exposure Univariate analysis

odds ratio or beta-coefficient (95%

CI)

p-value

Multivariate analysis odds ratio or beta-coefficient (95%

CI)

p-value

Flare visit

(yes vs no)

Periostin level OR 1.00 (0.99 to 1.02)

p = 0.42

OR 1.00 (0.98 to 1.02)

p = 0.98

Change in periostin level OR 0.99 (0.97 to 1.01)

p = 0.30

OR 0.99 (0.97 to 1.01)

p = 0.15

Percent change in periostin

level

OR 0.70 (0.17 to 2.91)

p = 0.62

OR 0.43 (0.09 to 2.14)

p = 0.30

Physician Global Assessment

Score

Periostin level beta 0.01 (0.002 to 0.02)

p = 0.01

beta 0.02 (0.004 to 0.03)

p = 0.01

Change in periostin level beta 0.01 (-0.002 to 0.02)

p = 0.12

beta 0.01 (-0.005 to 0.02)

p = 0.26

Percent change in periostin

level

beta 0.55 (-0.39 to 1.48)

p = 0.25

beta 0.41 (-0.56 to 1.39)

p = 0.40

Multivariate analyses adjusted for ANCA type (ever positive or not), active asthma in the past 28 days, current prednisone use, and current use of other

immunosuppressive therapies; for all analyses except percent change in periostin level, baseline periostin also included in model.

CI, confidence interval. OR, odds ratio.

https://doi.org/10.1371/journal.pone.0205768.t002
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Periostin is significantly higher in EGPA compared to healthy populations and patients with

asthma. Further investigation in the utility of periostin as a biomarker in severe EGPA and dif-

ferentiation of EGPA from other eosinophilic syndromes is warranted, perhaps in combina-

tion with other biomarkers or clinical variables.
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ESR, mm/hr 6 (4 to 19) 10 (4 to 25) 0.42

CRP, mg/L 3 (0.5 to 5) 1 (0.7 to 3) 0.54

BVAS 4 (2 to 7) 5 (2 to 8) 0.75

Physician Global Assessment Score 3 (1 to 4) 1 (0 to 2) < 0.01

New or worse symptoms at flare (from BVAS)
Ear, nose, throat 65% 40% 0.10

Lung 65% 60% 0.72

Nervous system 4% 5% 0.92

Skin 4% 15% 0.23

Cardiac 4% 0% 0.35

Kidney 0% 5% 0.28

Medications at time of flare
Any immunosuppressive 87% 100% 0.24

Systemic glucocorticoids 76% 89% 0.30

Cyclophosphamide 0% 5% 0.28

Rituximab 4% 11% 0.44

Azathioprine 4% 60% < 0.01

Methotrexate 27% 25% 0.87

Mycophenolate 0% 10% 0.12

Inhaled glucocorticoid 52% 81% 0.07

Values expressed as median (IQR) or percentage

�6 patients did not have a preceding visit prior to the flare visit and were excluded from this analysis.

BVAS, Birmingham Vasculitis Activity Score. CRP, C-reactive protein. ESR, erythrocyte sedimentation rate. IgE, immunoglobulin E.

https://doi.org/10.1371/journal.pone.0205768.t003

Periostin and EGPA

PLOS ONE | https://doi.org/10.1371/journal.pone.0205768 October 11, 2018 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0205768.s001
https://doi.org/10.1371/journal.pone.0205768.t003
https://doi.org/10.1371/journal.pone.0205768


Author Contributions

Conceptualization: Rennie L. Rhee.

Data curation: Rennie L. Rhee, Cecile T. J. Holweg, Kit Wong, David Cuthbertson, Simon

Carette, Nader A. Khalidi, Curry L. Koening, Carol A. Langford, Carol A. McAlear, Paul A.

Monach, Larry W. Moreland, Christian Pagnoux, Philip Seo, Ulrich Specks, Antoine G.

Sreih, Steven R. Ytterberg, Peter A. Merkel.

Formal analysis: Rennie L. Rhee, Cecile T. J. Holweg, Kit Wong, Peter A. Merkel.

Investigation: Rennie L. Rhee.

Methodology: Rennie L. Rhee, Cecile T. J. Holweg, Kit Wong, Peter A. Merkel.

Project administration: Rennie L. Rhee, Peter A. Merkel.

Resources: Kit Wong.

Supervision: Peter A. Merkel.

Writing – original draft: Rennie L. Rhee.

Writing – review & editing: Rennie L. Rhee, Cecile T. J. Holweg, Kit Wong, David Cuthbert-

son, Simon Carette, Nader A. Khalidi, Curry L. Koening, Carol A. Langford, Carol A. McA-

lear, Paul A. Monach, Larry W. Moreland, Christian Pagnoux, Philip Seo, Ulrich Specks,

Antoine G. Sreih, Steven R. Ytterberg, Peter A. Merkel.

References
1. Baldini C, Talarico R, Della Rossa A, Bombardieri S. Clinical manifestations and treatment of Churg-

Strauss syndrome. Rheum Dis Clin North Am. 2010; 36(3):527–43. https://doi.org/10.1016/j.rdc.2010.

05.003 PMID: 20688248

2. Grayson PC, Monach PA, Pagnoux C, Cuthbertson D, Carette S, Hoffman GS, et al. Value of commonly

measured laboratory tests as biomarkers of disease activity and predictors of relapse in eosinophilic

granulomatosis with polyangiitis. Rheumatology (Oxford). 2014.

3. Jakiela B, Szczeklik W, Plutecka H, Sokolowska B, Mastalerz L, Sanak M, et al. Increased production of

IL-5 and dominant Th2-type response in airways of Churg-Strauss syndrome patients. Rheumatology

(Oxford). 2012; 51(10):1887–93.

4. Lopez-Guisa JM, Powers C, File D, Cochrane E, Jimenez N, Debley JS. Airway epithelial cells from

asthmatic children differentially express proremodeling factors. J Allergy Clin Immunol. 2012; 129

(4):990–7 e6. https://doi.org/10.1016/j.jaci.2011.11.035 PMID: 22227417

5. Woodruff PG, Boushey HA, Dolganov GM, Barker CS, Yang YH, Donnelly S, et al. Genome-wide profil-

ing identifies epithelial cell genes associated with asthma and with treatment response to corticoste-

roids. Proc Natl Acad Sci U S A. 2007; 104(40):15858–63. https://doi.org/10.1073/pnas.0707413104

PMID: 17898169

6. Sidhu SS, Yuan S, Innes AL, Kerr S, Woodruff PG, Hou L, et al. Roles of epithelial cell-derived periostin

in TGF-beta activation, collagen production, and collagen gel elasticity in asthma. Proc Natl Acad Sci U

S A. 2010; 107(32):14170–5. https://doi.org/10.1073/pnas.1009426107 PMID: 20660732

7. Jia G, Erickson RW, Choy DF, Mosesova S, Wu LC, Solberg OD, et al. Periostin is a systemic bio-

marker of eosinophilic airway inflammation in asthmatic patients. J Allergy Clin Immunol. 2012; 130

(3):647–54 e10. https://doi.org/10.1016/j.jaci.2012.06.025 PMID: 22857879

8. Kanemitsu Y, Matsumoto H, Izuhara K, Tohda Y, Kita H, Horiguchi T, et al. Increased periostin associ-

ates with greater airflow limitation in patients receiving inhaled corticosteroids. J Allergy Clin Immunol.

2013; 132(2):305–12 e3. https://doi.org/10.1016/j.jaci.2013.04.050 PMID: 23791506

9. Hanania NA, Noonan M, Corren J, Korenblat P, Zheng Y, Fischer SK, et al. Lebrikizumab in moderate-

to-severe asthma: pooled data from two randomised placebo-controlled studies. Thorax. 2015; 70

(8):748–56. https://doi.org/10.1136/thoraxjnl-2014-206719 PMID: 26001563

10. Wenzel S, Swanson B, Teper A, Hamilton J, Izuhara K, Ohta S, et al. Dupilumab reduces severe exac-

erbations in periostin-high and periostin-low asthma patients. Abstracts form Conference: Vol. 48, Euro-

pean Respiratory Society. European Respiratory Society. 2016.

Periostin and EGPA

PLOS ONE | https://doi.org/10.1371/journal.pone.0205768 October 11, 2018 10 / 11

https://doi.org/10.1016/j.rdc.2010.05.003
https://doi.org/10.1016/j.rdc.2010.05.003
http://www.ncbi.nlm.nih.gov/pubmed/20688248
https://doi.org/10.1016/j.jaci.2011.11.035
http://www.ncbi.nlm.nih.gov/pubmed/22227417
https://doi.org/10.1073/pnas.0707413104
http://www.ncbi.nlm.nih.gov/pubmed/17898169
https://doi.org/10.1073/pnas.1009426107
http://www.ncbi.nlm.nih.gov/pubmed/20660732
https://doi.org/10.1016/j.jaci.2012.06.025
http://www.ncbi.nlm.nih.gov/pubmed/22857879
https://doi.org/10.1016/j.jaci.2013.04.050
http://www.ncbi.nlm.nih.gov/pubmed/23791506
https://doi.org/10.1136/thoraxjnl-2014-206719
http://www.ncbi.nlm.nih.gov/pubmed/26001563
https://doi.org/10.1371/journal.pone.0205768


11. Corren J, Lemanske RF, Hanania NA, Korenblat PE, Parsey MV, Arron JR, et al. Lebrikizumab treat-

ment in adults with asthma. N Engl J Med. 2011; 365(12):1088–98. https://doi.org/10.1056/

NEJMoa1106469 PMID: 21812663

12. Brightling CE, Chanez P, Leigh R, O’Byrne PM, Korn S, She D, et al. Efficacy and safety of tralokinumab

in patients with severe uncontrolled asthma: a randomised, double-blind, placebo-controlled, phase 2b

trial. Lancet Respir Med. 2015; 3(9):692–701. https://doi.org/10.1016/S2213-2600(15)00197-6 PMID:

26231288

13. Hanania NA, Wenzel S, Rosen K, Hsieh HJ, Mosesova S, Choy DF, et al. Exploring the effects of omali-

zumab in allergic asthma: an analysis of biomarkers in the EXTRA study. Am J Respir Crit Care Med.

2013; 187(8):804–11. https://doi.org/10.1164/rccm.201208-1414OC PMID: 23471469

14. Blanchard C, Mingler MK, McBride M, Putnam PE, Collins MH, Chang G, et al. Periostin facilitates

eosinophil tissue infiltration in allergic lung and esophageal responses. Mucosal Immunol. 2008; 1

(4):289–96. https://doi.org/10.1038/mi.2008.15 PMID: 19079190

15. Nishizawa H, Matsubara A, Nakagawa T, Ohta N, Izuhara K, Shirasaki T, et al. The role of periostin in

eosinophilic otitis media. Acta Otolaryngol. 2012; 132(8):838–44. https://doi.org/10.3109/00016489.

2012.668708 PMID: 22667462

16. Masi AT, Hunder GG, Lie JT, Michel BA, Bloch DA, Arend WP, et al. The American College of Rheuma-

tology 1990 criteria for the classification of Churg-Strauss syndrome (allergic granulomatosis and angii-

tis). Arthritis Rheum. 1990; 33(8):1094–100. PMID: 2202307

17. Luqmani RA, Bacon PA, Moots RJ, Janssen BA, Pall A, Emery P, et al. Birmingham Vasculitis Activity

Score (BVAS) in systemic necrotizing vasculitis. QJM. 1994; 87(11):671–8. PMID: 7820541

18. Palme S, Christenson RH, Jortani SA, Ostlund RE, Kolm R, Kopal G, et al. Multicenter evaluation of

analytical characteristics of the Elecsys((R)) Periostin immunoassay. Clin Biochem. 2017; 50(3):139–

44. https://doi.org/10.1016/j.clinbiochem.2016.10.002 PMID: 27725167

19. Merkel PA, Cuthbertson DD, Hellmich B, Hoffman GS, Jayne DR, Kallenberg CG, et al. Comparison of

disease activity measures for anti-neutrophil cytoplasmic autoantibody (ANCA)-associated vasculitis.

Ann Rheum Dis. 2009; 68(1):103–6. https://doi.org/10.1136/ard.2008.097758 PMID: 18664546

20. Caswell-Smith R, Hosking A, Cripps T, Holweg C, Matthews J, Holliday M, et al. Reference ranges for

serum periostin in a population without asthma or chronic obstructive pulmonary disease. Clin Exp

Allergy. 2016; 46(10):1303–14. https://doi.org/10.1111/cea.12763 PMID: 27237923

Periostin and EGPA

PLOS ONE | https://doi.org/10.1371/journal.pone.0205768 October 11, 2018 11 / 11

https://doi.org/10.1056/NEJMoa1106469
https://doi.org/10.1056/NEJMoa1106469
http://www.ncbi.nlm.nih.gov/pubmed/21812663
https://doi.org/10.1016/S2213-2600(15)00197-6
http://www.ncbi.nlm.nih.gov/pubmed/26231288
https://doi.org/10.1164/rccm.201208-1414OC
http://www.ncbi.nlm.nih.gov/pubmed/23471469
https://doi.org/10.1038/mi.2008.15
http://www.ncbi.nlm.nih.gov/pubmed/19079190
https://doi.org/10.3109/00016489.2012.668708
https://doi.org/10.3109/00016489.2012.668708
http://www.ncbi.nlm.nih.gov/pubmed/22667462
http://www.ncbi.nlm.nih.gov/pubmed/2202307
http://www.ncbi.nlm.nih.gov/pubmed/7820541
https://doi.org/10.1016/j.clinbiochem.2016.10.002
http://www.ncbi.nlm.nih.gov/pubmed/27725167
https://doi.org/10.1136/ard.2008.097758
http://www.ncbi.nlm.nih.gov/pubmed/18664546
https://doi.org/10.1111/cea.12763
http://www.ncbi.nlm.nih.gov/pubmed/27237923
https://doi.org/10.1371/journal.pone.0205768

