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Evaluation of Potential Serum Biomarkers of Disease
Activity in Diverse Forms of Vasculitis 

Alicia Rodriguez-Pla, Roscoe L. Warner, David Cuthbertson, Simon Carette, 
Nader A. Khalidi, Curry L. Koening, Carol A. Langford, Carol A. McAlear, Larry W. Moreland,
Christian Pagnoux, Philip Seo, Ulrich Specks, Antoine G. Sreih, Steven R. Ytterberg, 
Kent J. Johnson, Peter A. Merkel, and Paul A. Monach, for the Vasculitis Clinical 
Research Consortium 
ABSTRACT. Objective. We evaluated potential circulating biomarkers of disease activity in giant cell arteritis

(GCA), Takayasu arteritis (TA), polyarteritis nodosa (PAN), and eosinophilic granulomatosis with
polyangiitis (EGPA). 
Methods. A panel of 22 serum proteins was tested in patients enrolled in the Vasculitis Clinical
Research Consortium Longitudinal Studies of GCA, TA, PAN, or EGPA. Mixed models were used
for most analyses. A J48 classification tree method was used to find the most relevant markers to
differentiate between active and inactive GCA.
Results. Tests were done on 418 samples from 152 patients (60 GCA, 29 TA, 26 PAN, 37 EGPA),
during both active vasculitis and remission. In GCA, these showed significant (p < 0.05) differences
between disease states: B cell–attracting chemokine 1 (BCA)-1/CXC motif ligand 13 (CXCL13),
erythrocyte sedimentation rate (ESR), interferon-γ–induced protein 10/CXC motif chemokine 10,
soluble interleukin 2 receptor α (sIL-2Rα), and tissue inhibitor of metalloproteinase-1 (TIMP-1). In
EGPA, these showed significant increases during active disease: granulocyte colony-stimulating
factor (G-CSF), granulocyte-macrophage–CSF, interleukin (IL)-6, IL-15, and sIL-2Rα.
BCA-1/CXCL13 also showed such increases, but only after adjustment for treatment. In PAN, ESR
and matrix metalloprotease (MMP)-3 showed significant differences between disease states.
Differences in biomarker levels between diseases were significant for 11 markers and were more
striking (all p < 0.01) than differences related to disease activity. A combination of lower values of
TIMP-1, IL-6, interferon-γ, and MMP-3 correctly classified 87% of samples with inactive GCA.
Conclusion.We identified novel biomarkers of disease activity in GCA and EGPA. Differences of
biomarker levels between diseases, independent of disease activity, were more apparent than differ-
ences related to disease activity. Further studies are needed to determine whether these serum
proteins have potential for clinical use in distinguishing active disease from remission or in
predicting longer-term outcomes. (First Release February 1 2020; J Rheumatol 2020;47:1001–10;
doi:10.3899/jrheum.190093)
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Different forms of vasculitis share the features of inflammation
of the blood vessels and damage to blood vessel walls but are
otherwise heterogeneous. The clinical heterogeneity is
observed between vasculitides, between patients with the same
form of vasculitis, and in the same patient along the course of
the disease1, making the diagnosis and management of patients
with vasculitis challenging2. Although in some patients
vasculitis has a monophasic course, many patients achieve
remission with substantial immunosuppressive treatment but
then relapse, with time to relapse difficult to predict3. 
    Biomarkers in different forms of vasculitis are needed for
diagnosis, including differentiation from infection or other
conditions with similar symptoms, staging of organ systems
involved, assessment of current disease activity, assessment
of risk of relapse, predicting response to a particular treatment,
and predicting longterm outcomes. Discovery of biomarkers
for diagnosis and staging may best be performed in untreated
patients with known diagnoses determined by other means.
Longitudinal cohorts are best suited for the other unmet needs.
For discovery of biomarkers of current disease activity that
may prove useful clinically, it is essential to include patients
taking immune-suppressive medications, because this is the
group that best matches the challenge in clinical practice.
    Circulating proteins are particularly appealing as bio-
markers in vasculitis because of their accessibility and
potential clinical use, including to avoid the need for biopsy
or to provide information not attainable from a biopsy. There
have been many studies of biomarkers in the vasculitides as
it is recognized that improved tools are needed to identify
active disease, predict relapse, and assist with treatment
decisions4. Unfortunately, the findings of these studies have
been unsatisfactory and there remains a strong need for better
biomarkers of disease activity in vasculitis, especially once
treatment is started4,5,6,7. 
    In the present study we aimed to identify circulating
proteins that distinguish between active vasculitis and
remission in giant cell arteritis (GCA), Takayasu arteritis
(TA), polyarteritis nodosa (PAN), and eosinophilic granulo-
matosis with polyangiitis (EGPA, formerly called
Churg-Strauss syndrome). To compare among these diverse
diseases, we used the same panel of markers that we previ-
ously tested in patients with highly active antineutrophil
cytoplasmic antibodies (ANCA)–associated vasculitis
(AAV)8. Twenty-two serum proteins linked to possible
pathways relevant to vasculitis were measured: angioten-
sin-converting enzyme (ACE), B cell–attracting chemokine
1 (BCA)-1/CXC motif ligand 13 (CXCL13), granulocyte
colony-stimulating factor (G-CSF), granulocyte-macrophage
(GM)-CSF, interferon (IFN)-γ, interleukin (IL)-6, IL-8/
CXCL8, IL-15, IL-18, IL-18BP, IFN-γ–inducible
protein-10/CXC motif chemokine 10 (IP-10/CXCL10),
matrix metalloprotease (MMP)-3, neutrophil gelatinase-
associ ated lipocalin (NGAL), osteopontin (OPN),
plasminogen activator inhibitor (PAI)-1, platelet-derived

growth factor (PDGF)-AB, regulated upon activation and
normal T cell expressed and secreted (RANTES/CCL5),
soluble intercellular adhesion molecule (sICAM)-1, sIL-2Rα,
sIL-6R, soluble tumor necrosis factor receptor type II
(sTNFRII), and tissue inhibitor of metalloproteinase-1
(TIMP-1). In addition, the clinical markers C-reactive protein
(CRP) and erythrocyte sedimentation rate (ESR) were
measured. The 22 experimental markers were among 28
originally chosen to reflect a range of disease-related
processes different from autoantibody specificity or the
liver-derived markers of systemic inflammation, broadly
categorized as cytokines, chemokines, soluble receptors,
markers of microvascular damage, and markers of tissue
damage and repair. The proteins chosen for this study
included those that were most strongly associated with active
AAV in our previous study8, but OPN, RANTES/CCL5, and
sICAM-1 were also retained on the basis of previous studies
in GCA9,10,11. Several biomarkers elevated in highly active
EGPA have previously been studied in this partially treated
cohort5,6. The few biomarkers previously identified as
associated with TA or PAN4, and many markers identified as
being elevated in untreated GCA12,13, could not be included
in this study. 

MATERIALS AND METHODS 
Patients. Patients with GCA, TA, PAN, and EGPA were enrolled in the
Vasculitis Clinical Research Consortium (VCRC) Longitudinal Study from
2006 to 2012. The VCRC is a multicenter research infrastructure dedicated
to conducting clinical research in different forms of vasculitis. The 1990
American College of Rheumatology (ACR) classification criteria for the
respective diseases were used to classify patients as having either GCA14,
TA15, or EGPA16. A modified version of the 1990 ACR classification criteria
for PAN was used to classify PAN, because these criteria may fail to differ-
entiate PAN from microscopic polyangiitis (MPA)17 and require disease to
affect multiple organ systems. 
      Clinical data, including measures of disease activity, were collected on a
quarterly or annual basis and at times of increased vasculitis activity. Disease
duration was defined as time between diagnosis and sample collection.
      Patients were chosen for our study because they had a visit during active
disease and at least 1 visit during remission. Groups numbering at least 25
patients with each disease were chosen, using samples from patients with
the highest recorded physician’s global assessment (PGA). The resulting
minimum PGA cutoffs were 4 for GCA, 3 for PAN, and 2 for TA and EGPA.
Samples from 2 remission visits were assayed if available and were chosen
to include remission visits both before and after the active visit if available.
Circulating markers. The 22 experimental serum proteins were measured
using a microarray platform that effectively miniaturizes a capture ELISA,
as described8. CRP and ESR were measured at the clinical laboratories of
the participating sites.
Statistical methods. Distributions of marker concentrations were inspected
to see whether natural-log (ln)-transformation produced distributions closer
to normal. As a result, all markers were analyzed after ln-transformation, but
some were also analyzed in parallel without transformation because distri-
butions before and after transformation showed similar degrees of skewing.
Significance was defined conventionally as p < 0.05, either with or without
adjustment for false discovery rate using the Benjamini-Hochberg method18,
because power to detect differences is low for cohorts of this size if such
adjustment is used.
      Mixed effects models were used to compare marker values between active
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disease and remission while accounting for within-patient repeated measures.
Marker concentration was the dependent variable, with disease activity, use
of prednisone, and use of other immunosuppressive drugs as dichotomous
independent variables, and the patient as the random effect. Analyses were
done with and without inclusion of the treatment variables. Data were missing
for CRP at 18/418 visits and for ESR at 20/418 visits. There were no missing
data for the experimental biomarkers, disease activity, or treatment.
      For the primary analysis of assessing association of a marker with active
disease, separate analyses were done in GCA, TA, PAN, and EGPA. To
determine whether markers differed among diseases, mixed models were
used with the specific disease added as an independent categorical variable.
Logistic regression was then used with disease activity as the outcome and
difference-from-mean as the predictor19. This approach carries the caveat
that data from patients with only 1 remission visit had to be excluded. This
approach also still includes repeated measures (3 per patient), but probably
provides the best estimate of the area under the curve–receiver-operation
characteristic (AUC-ROC), commonly used in assessing and comparing
predictive models in clinical research. Correlation coefficients (Pearson on
ln-transformed data, Spearman on nontransformed data) were calculated to
study the association between markers.
      In a complementary, exploratory approach that can sometimes be more
effective than linear models in using multivariable data to predict a binary
outcome, the J48 classification tree method was used to find cutoff points
of the most relevant markers to differentiate between active and inactive
GCA, using WEKA Data Mining Software20. The number of datapoints was
too small to consider this approach in the other diseases. We initially used
all markers, allowing for the classifier to choose the ones leading to the most
accurate classification. After generating the tree, we performed a 5-fold
cross-validation. 
      Supplementary material regarding patients and statistical methods is
available with the online version of this article. 

RESULTS
Patients and samples. Our study tested 418 samples from 152
patients (60 GCA, 29 TA, 26 PAN, 37 EGPA). Each patient
had samples from 1–2 active visits and 1–3 remission visits
(Table 1). Fifty-five of the 60 patients with GCA had the
diagnosis confirmed by temporal artery biopsy or angio-
graphy. Most patients were receiving treatment at the time of
sample collection: 93% GCA, 87% TA, 93% PAN, and 87%
EGPA. In most patients, current treatment included
prednisone (88% GCA, 71% TA, 83% PAN, 83% EGPA).
Data on treatment, separated by disease and by current disease
activity, are shown in Supplementary Table 1, available with
the online version of this article. In patients with active
disease, severity ranged from PGA 1 to 9. Summaries of
biomarker concentrations are shown in Table 2.

Biomarkers in GCA and TA. In GCA, the markers
BCA-1/CXCL13, ESR, IP-10/CXCL10, soluble interleukin
2 receptor α (sIL-2Rα), and TIMP-1 showed significant 
(p < 0.05) differences during active disease, with or without
adjustment for treatment. Most of these markers were higher
during active GCA, but IP-10/CXCL10 decreased. Only ESR
remained significantly higher during active disease after
adjustment for 24 markers being tested simultaneously 
(p = 0.0001; Table 3, and Supplementary Table 2, available
with the online version of this article). Changes with active
disease were modest, with the greatest increases being 22%
for G-CSF or 11 mm/h for ESR (Table 3). Results were
nearly identical when analysis was limited to the 55 patients
in whom the diagnosis of GCA was confirmed by biopsy or
angiography (Supplementary Table 3, available with the
online version of this article). Using conditional logistic
regression (Supplementary Material and Methods), the OR
of active disease with a 2.72-fold increase in sIL-2Rα was
1.53 (p = 0.02). Change in sIL-2Rα concentration compared
to a patient’s mean during remission had an AUC-ROC of
only 0.61 (p = 0.007), and absolute sIL-2Rα concentration
in an unadjusted logistic regression had an AUC-ROC of 0.57
(p = 0.03).
    In TA, no markers showed statistically significant differ-
ences between active disease and remission. Because of
similar pathology in GCA and TA, these patients were
pooled as large-vessel vasculitis (LVV) for a secondary
analysis. BCA-1/CXCL13, ESR, and GM-CSF were
nominally increased (p < 0.05) in active LVV regardless of
treatment. IL-18 was only significantly higher in active LVV
when treatment was not included in the model. Several
markers significantly increased in active GCA alone no
longer showed statistically significant increases in pooled
LVV (p > 0.05; Table 3; Supplementary Table 2, available
with the online version of this article). The magnitude of
change was invariably lower in pooled LVV, compared to
GCA alone. 
Biomarkers in PAN. In PAN, ESR was higher (by only 8–9
mm/h) and MMP-3 lower (by 58–85%) during active PAN,
with or without treatment (Table 3; Supplementary Table 2,
available with the online version of this article). 

Table 1. Characteristics of patients in this study.

Characteristics                                                   GCA, n = 60                                  TA, n = 29                            PAN, n = 26                        EGPA, n = 37

Age                                                                     71 (64, 80)                                   31 (26, 42)                             50 (40, 60)                            53 (36, 65)
Female sex                                                             48 (80)                                         24 (83)                                   16 (62)                                  22 (59)
Disease duration, mos                                           7 (3, 14)                                     31 (18, 51)                              14 (7, 36)                              16 (7, 32)
Severity (PGA)                                                      5 (4, 7)                                         3 (2, 5)                                  4.5 (4, 5)                                4 (2, 5)
Creatinine > 1.5 mg/dl                                                2                                                   1                                             2                                            1

Numbers for age, disease duration, and severity indicate median (25th percentile, 75th percentile). Numbers for female sex and creatinine > 1.5 mg/dl indicate
no. patients, with percentages calculated for female sex.  GCA: giant cell arteritis; TA: Takayasu arteritis; PAN: polyarteritis nodosa; EGPA: eosinophilic granu-
lomatosis with polyangiitis (Churg-Strauss);  PGA: physician’s global assessment of disease activity (0–10 scale) during the active visit.  All patients also had
at least 1 visit during remission (PGA = 0).

 www.jrheum.orgDownloaded on April 19, 2024 from 

http://www.jrheum.org/


1004 The Journal of Rheumatology 2020; 47:7; doi:10.3899/jrheum.190093

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2020. All rights reserved.

Ta
ble

 2.
Bi

om
ark

er 
co

nc
en

tra
tio

ns
 in

 va
scu

liti
de

s d
uri

ng
 ac

tiv
e d

ise
ase

 an
d r

em
iss

ion
, a

nd
 in

 he
alt

hy
 co

ntr
ols

.  

    
    

    
    

    
    

    
    

    
    

GC
A,

 n 
= 6

0  
    

    
    

    
    

    
    

    
    

    
    

    
   T

A,
 n 

= 2
9  

    
    

    
    

    
    

    
    

    
    

    
    

    
    

PA
N,

 n 
= 2

6 
    

    
    

    
    

    
    

    
    

    
    

    
    

   E
GP

A,
 n 

= 3
7  

    
    

    
    

    
    

    
 Co

ntr
ols

, n
 = 

34
    

    
    

    
    

    
    

 Re
mi

ssi
on

    
    

    
    

    
 A

cti
ve

    
    

    
    

    
 Re

mi
ssi

on
    

    
    

    
    

  A
cti

ve
    

    
    

    
    

    
 Re

mi
ssi

on
    

    
    

    
    

    
  A

cti
ve

    
    

    
    

    
   R

em
iss

ion
    

    
    

    
    

    
  A

cti
ve

    
    

    
    

    
    

    
  

AC
E 

    
    

    
    

14
1 (

10
6–

20
5)

    
    

    
12

9 (
95

–1
74

)   
    

    
   1

18
 (7

6–
17

8) 
    

    
    

  9
4 (

77
–1

46
)   

    
    

    
    

14
7 (

91
–2

07
)  

    
    

    
    

14
8 (

85
–2

03
)  

    
    

    
 14

5 (
75

–2
19

)  
    

    
    

    
13

1 (
66

–2
10

)  
    

    
    

 90
 (6

7–
11

7)
BC

A-
1/C

XC
L1

3  
 78

 (3
5–

15
4) 

    
    

    
95

 (4
7–

17
3) 

    
    

    
  1
71
 (9

8–
32
2) 

    
    
    
23
7 (

14
6–
28
8) 

    
    
    
  3
42
 (1

70
–1
00
5)
    
    
    
   4

24
 (1

85
–8
16
)  
    
    
    
 74

 (4
1–

23
2)

    
    

    
    

    
96

 (5
5–

18
8)

    
    

    
    

 38
 (2

1–
60

)
CR

P  
    

    
    

    
    

 5 
(3–

12
)   

    
    

    
    

 6.
5 (

3–
29

)   
    

    
    

    
6.9

 (3
–1
5) 

    
    
    
    
  5
.8 
(2–

10
)  
    
    
    
    
   6

.3 
(3.

0–
11)

    
    
    
    
    
 10

 (1
.8–

26
)   

    
    
    
    

2.8
 (1

–4
.9)

    
    

    
    

    
    

3 (
1–

6.1
)  

    
    

    
    

    
    

  
ES

R 
    

    
    

    
    
20
 (1

0–
27
)  
    
    
    
   2

6 (
12
–4
4) 

    
    
    
    
  1
9 (

9–
32
)   

    
    
    
    
18
 (1

3–
41
)   

    
    
    
    
    

13
 (5

–3
3)

    
    

    
    

    
    

18
 (7

–3
9)

    
    

    
    

    
  8

 (5
–1

6)
    

    
    

    
    

    
 11

 (5
–2

1) 
    

    
    

    
    

    
   

G-
CS

F  
    

    
    

  2
.4 

(1.
2–

5.5
)  

    
    

   3
.3 

(1.
4–

12
.2)

    
    

    
 7.
0 (

1.5
–11

7) 
    
    
    
 7.
0 (

1.5
–1
41
)  
    
    
    
    

4.0
 (1

.2–
4.0

)  
    

    
    

    
 1.

5 (
1.2

–7
.6)

    
    

    
    

4.6
 (1

.5–
6.4

)   
    

    
    

    
 6.

4 (
4.3

–1
9)

    
    

    
  7

.1 
(4.

6–
12

.2)
GM

-C
SF

    
    

  <
  1

 (<
  1

–<
  1

)  
    

    
<  

1 (
<  

1–
<  

1) 
    

    
  <

  1
 (<

  1
–<

  1
)  

    
    

 < 
 1 

(< 
 1–

<  
1) 

    
    

    
  <

  1
 (<

  1
–<

  1
)  

    
    

    
 < 

 1 
(< 

 1–
<  

1) 
    

    
    
<  

1 (
<  

1–
3.0

)  
    
    
    
   <

  1
 (<

  1
–1
2)
    
    
    
  2

.2 
(< 

 1–
11

)
IFN

-γ
    

    
    

< 0
.5 

(< 
0.5

–<
 0.

5)
    

< 0
.5 

(< 
0.5

–<
 0.

5) 
    

< 0
.5 

(< 
0.5

–<
 0.

5)
    

 < 
0.5

 (<
 0.

5–
< 0

.5)
    

    
 < 

0.5
 (<

 0.
5–

< 0
.5)

    
    

 < 
0.5

 (<
 0.

5–
< 0

.5)
    

  <
 0.

5 (
< 0

.5–
< 0

.5)
    

    
  <

 0.
5 (

< 0
.5–

< 0
.5)

    
 < 

0.5
 (<

 0.
5–

< 0
.5)

IL-
6  

    
    

    
    

2.8
 (<

 0.
7–

6.6
)   

    
    

2.5
 (<

 0.
7–

7.4
)  

    
    

 1.
6 (

< 0
.5–

2.7
)   

    
    

 1.
6 (

< 0
.5–

2.7
)  

    
    

    
 0.

9 (
< 0

.5–
3.8

)   
    

    
    

 0.
9 (

< 0
.5–

3.2
)  

    
    

   3
.6 
(< 

0.5
–1
7) 

    
    

    
    

  3
.6 
(0.

6–
26
)   

    
    

< 0
.5 

(< 
0.5

–<
 0.

5)
IL-

8 
    

    
    

    
   9

.8 
(4.

9–
22
)  
    
    
    
 8.
9 (

2.8
–3
0) 

    
    
    
   7

.0 
(3.

4–
15

)  
    

    
    

 7.
0 (

2.3
–9

.4)
    

    
    

    
    
12
 (4

.8–
25
)  

    
    

    
    

   1
1 (

3.8
–1
6)

    
    

    
    

 3.
8 (

2.1
–8

.4)
    

    
    

    
   3

.6 
(1.

8–
8.0

)   
    

    
    

< 1
 (3

.2–
5.8

)
IL-

15
    

    
    

    
  2

.5 
(1.

5–
4.2

)  
    

    
    

2.4
 (1

.2–
4.9

)   
    

    
    

2.7
 (1

.5–
4.4

)   
    

    
    

2.6
 (1

.7–
3.5

)   
    

    
    

    
2.2

 (1
.0–

5.0
)  

    
    

    
    

 2.
4 (

1.0
–4

.5)
    

    
    

    
2.3

 (1
.5–

6.3
)  

    
    

    
    

  4
.4 

(1.
6–

11
)   

    
    

    
 3.

6 (
1.6

–5
.2)

IL-
18

    
    

    
    

 24
1 (

82
–5

26
)  

    
    

  3
31

 (1
43

–5
06

)   
    

    
 29

5 (
16

3–
49

3) 
    

    
   2

82
 (1

81
–4

12
)   

    
    

    
 46

1 (
27

7–
63

6)
    

    
    

    
45

8 (
31

7–
63

9)
    

    
    

  1
75

 (8
1–

90
7)

    
    

    
    

  2
86

 (8
9–

78
2)

    
    

    
    

52
 (2

6–
75

)
IL-

18
BP

    
    

    
 82

 (5
1–

12
1)

    
    

    
   8

9 (
56

–1
53

)   
    

    
    

 41
 (2

4–
11

3) 
    

    
    

   5
2 (

25
–1

07
)   

    
    

    
   2

25
 (1

30
–3
98
)  
    
    
    
  1
94
 (1

28
–3
90
)  
    
    
    

11
2 (

79
–1

67
)  

    
    

    
    

12
8 (

85
–1

81
)   

    
    

   <
 6.

1 (
17

–6
5)

IP-
10

/C
XC

L1
0  

  2
0 (

11
–3

5) 
    

    
    

    
16

 (6
.6–

33
)   

    
    

    
  1

0 (
6.1

–2
2)

    
    

    
    

9.7
 (7

.1–
23

)   
    

    
    

    
  3
8 (

19
–5
8)

    
    

    
    

    
  2
6 (

14
–4
4)

    
    

    
    

   2
1 (

12
–4

2)
    

    
    

    
    

  2
0 (

11
–3

9) 
    

    
    

    
4.7

 (3
.2–

7.3
)

MM
P-3

    
    

    
    

57
 (3

7–
93

)  
    

    
    

  6
4 (

40
–1

23
)   

    
    

    
 72

 (2
3–

17
8) 

    
    

    
   6

2 (
24

–1
42

)   
    

    
    

   1
63
 (1

25
–2
85
)  
    
    
    
   1

30
 (7

2–
26
1)
    
    
    
    
 36

 (2
3–

78
)  

    
    

    
    

   4
6 (

28
–1

04
)  

    
    

    
  9

.9 
(5.

2–
20

)
NG

AL
    

    
    

  2
16
 (1

43
–3
73
)  
    
    
 21

7 (
13
2–
29
7) 

    
    
   1

76
 (1

28
–2

36
)   

    
    

 17
9 (

14
7–

24
0) 

    
    

    
    

17
5 (

95
–2

96
)  

    
    

    
   1

82
 (1

22
–3

21
)  

    
    

    
16

0 (
86

–2
10

)  
    

    
    

    
19

0 (
67

–2
80

)  
    

    
    

13
5 (

99
–1

66
)

OP
N

    
    

    
    

    
46

 (1
8–

76
)  

    
    

    
   5

6 (
32

–7
2) 

    
    

    
    

 34
 (1

2–
79

)   
    

    
    

   4
1 (

19
–8

8) 
    

    
    

    
    

 39
 (1

8–
63

)  
    

    
    

    
    

44
 (3

0–
87

)   
    

    
    

    
29

 (9
.3–

60
)  

    
    

    
    

   2
4 (

9.2
–5

4)
    

    
    

    
 32

 (2
9–

48
)

PA
I-1

    
    

    
    

 2.
2 (

< 1
–4

.6)
    

    
    

  2
.9 

(< 
1–

4.0
)  

    
    

    
1.7

 (<
 1–

3.0
)   

    
    

    
1.2

 (<
 1–

2.2
)  

    
    

    
    

1.6
 (<

 1–
4.0

)   
    

    
    

    
2.4

 (<
 1–

4.0
)   

    
    

    
 2.

0 (
< 1

–6
.2)

    
    

    
    

   2
.4 

(< 
1–

4.9
)   

    
    

    
2.2

 (<
 1–

7.8
)

PD
GF

-A
B 

    
    

 3.
8 (

2.6
–4

.9)
    

    
    

  3
.5 

(2.
6–

4.9
)   

    
    

    
3.9

 (2
.4–

4.9
)   

    
    

    
3.6

 (2
.5–

4.6
)   

    
    

    
    

2.6
 (1

.5–
4.8

)  
    

    
    

    
 2.

4 (
0.8

–4
.6)

    
    

    
    

3.4
 (2

.4–
5.0

)  
    

    
    

    
 4.

3 (
2.8

–5
.7)

    
    

    
  8

.0 
(3.

6–
13

.0)
RA

NT
ES

    
    

    
 64

 (4
6–

97
)  

    
    

    
  7

3 (
38

–1
11

)   
    

    
    

 78
 (5

4–
10

6) 
    

    
    

    
73

 (5
9–

87
)   

    
    

    
    

   6
5 (

42
–8

3)
    

    
    

    
    

  6
1 (

40
–9

0)
    

    
    

    
  7

5 (
51

–1
07

)  
    

    
    

    
  8

0 (
52

–1
16

)  
    

    
    

  5
6 (

22
–1

10
)

sIC
AM

-1
    

    
  6

70
 (4

64
–8

70
)  

    
    

 59
4 (

42
5–

84
2) 

    
    

   4
64

 (3
00

–6
73

)   
    

    
 43

5 (
22

0–
62

8) 
    

    
    

   4
88

 (3
87

–5
98

)  
    

    
    

  5
28

 (3
71

–8
41

)  
    

    
   5

44
 (3

89
–7

98
)  

    
    

    
  4

82
 (3

97
–8

46
)  

    
    

  2
47

 (2
17

–3
52

)
sIL

-2R
α 

    
    

< 2
.5 

(< 
2.5

–1
2.6

)  
    

 < 
2.5

 (<
 2.

5–
59

)  
    

    
   2

7 (
21

–6
0) 

    
    

    
   2

1 (
< 2

.5–
94

)   
    

    
    

   6
0 (

6.5
–1

66
)  

    
    

    
    

 46
 (6

.6–
16

4)
    

    
    

    
84
 (3

.2–
43
4)

    
    
    
    
  1
33
 (6

.1–
76
9)
    
    
 < 

2.5
 (<

 2.
5–

< 2
.5)

sIL
-6R

    
    

    
    

 31
 (2

5–
37

)  
    

    
    

   3
1 (

26
–3

8) 
    

    
    

    
 21

 (1
4–

32
)   

    
    

    
   2

1 (
15

–3
7) 

    
    

    
    

    
 25

 (1
9–

34
)  

    
    

    
    

    
31

 (2
4–

37
)  

    
    

    
    

 29
 (2

1–
34

)  
    

    
    

    
    

29
 (2

0–
39

)  
    

    
    

    
16

 (1
1–

19
)

sT
NF

RI
I  

    
    

 50
0 (

36
4–

66
4)

    
    

   5
31

 (3
61

–7
04

)   
    

    
 45

8 (
35

6–
58

7) 
    

    
   4

22
 (3

40
–5

51
)   

    
    

    
 68

7 (
44

2–
91

1)
    

    
    

   6
76

 (4
24

–1
14

5)
    

    
    

37
5 (

25
2–

66
2)

    
    

    
    

46
1 (

31
2–

88
4)

    
    

    
51

0 (
32

2–
91

6)
TIM

P-1
    

    
    

 46
7 (

35
8–

51
8)

    
    

   5
05

 (4
04

–6
31

)   
    

    
 37

3 (
25

5–
57

5) 
    

    
   3

27
 (2

19
–5

01
)   

    
    

    
 37

7 (
29

0–
47

0)
    

    
    

    
41

9 (
34

0–
52

0)
    

    
    

 38
0 (

31
0–

48
9)

    
    

    
    

35
2 (

25
4–

53
6)

    
    

    
 11

5 (
58

–1
90

)

Va
lue

s a
re 

me
dia

ns
 an

d i
nte

rqu
art

ile
 ra

ng
es.

  S
ho

wn
 in

 bo
ld 

are
 re

su
lts

 si
gn

ifi
ca

ntl
y (

p <
 0.

01
) h

igh
er 

in 
a d

ise
ase

 in
 co

mp
ari

so
n t

o a
t le

ast
 1 

oth
er 

dis
ea

se 
in 

mi
xe

d m
od

els
, a

dju
sti

ng
 fo

r d
ise

ase
 ac

tiv
ity

an
d t

rea
tm

en
t.  

Re
su

lts
 si

gn
ifi

ca
ntl

y l
ow

er 
tha

n i
n a

ll o
the

r d
ise

ase
s a

re 
no

t h
igh

lig
hte

d, 
be

ca
us

e c
on

ce
ntr

ati
on

s i
n t

he
se 

ca
ses

 re
ma

ine
d h

igh
er 

tha
n i

n h
ea

lth
y c

on
tro

ls.
  U

nit
s a

re 
mg

/l (
mc

g/m
l) 

for
 C

RP
,

mm
/h 

for
 E

SR
, n

g/m
l f

or 
AC

E,
 M

M
P-

3, 
NG

AL
, O

PN
, P

AI
-1,

 PD
GF

-A
B,

 R
AN

TE
S, 

IC
AM

-1,
 sI

L-
6R

, a
nd

 T
IM

P-
1, 

an
d p

g/m
l f

or 
the

 re
ma

ini
ng

 pr
ote

ins
, r

efe
rri

ng
 to

 th
e c

on
ce

ntr
ati

on
 in

 se
rum

 be
for

e
dil

uti
on

. O
PN

: o
ste

op
on

tin
; G

CA
: g

ian
t c

ell
 ar

ter
itis

; T
A:

 Ta
ka

ya
su

 ar
ter

itis
; P

AN
: p

oly
art

eri
tis

 no
do

sa;
 EG

PA
: e

os
ino

ph
ilic

 gr
an

ulo
ma

tos
is 

wi
th 

po
lya

ng
iiti

s (
Ch

urg
-S

tra
us

s);
  A

CE
: a

ng
iot

en
sin

-co
nv

ert
ing

en
zy

me
; B

CA
-1

/C
XC

L1
3: 

B 
ce

ll–
att

rac
tin

g 
ch

em
ok

ine
 1

/C
XC

 m
oti

f l
iga

nd
 1

3; 
CR

P:
 C

-re
ac

tiv
e 

pr
ote

in;
 E

SR
: e

ry
thr

oc
yte

 se
dim

en
tat

ion
 ra

te;
 G

-C
SF

: g
ran

ulo
cy

te 
co

lon
y-

sti
mu

lat
ing

 fa
cto

r; 
GM

-C
SF

: g
ran

ulo
cy

te-
ma

cro
ph

ag
e C

SF
;  I

FN
: in

ter
fer

on
; I

L:
 in

ter
leu

kin
; I

P-
10

/C
XC

L1
0: 

IF
N-

γ–
ind

uc
ibl

e p
rot

ein
-10

/C
XC

 m
oti

f c
he

mo
kin

e 1
0; 

sIL
-2R

α:
 so

lub
le 

IL
-2 

rec
ep

tor
 α

;M
M

P: 
ma

tri
x m

eta
l-

lop
rot

ea
se;

 N
GA

L:
 ne

utr
op

hil
 ge

lat
ina

se-
ass

oc
iat

ed
 lip

oc
ali

n; 
PA

I-1
: p

las
mi

no
ge

n a
cti

va
tor

 in
hib

ito
r; P

DG
F: 

pla
tel

et-
de

riv
ed

 gr
ow

th 
fac

tor
; R

AN
TE

S: 
reg

ula
ted

 up
on

 ac
tiv

ati
on

 an
d n

orm
al 

T c
ell

 ex
pre

sse
d

an
d s

ec
ret

ed
; s

IC
AM

-1:
 so

lub
le 

int
erc

ell
ula

r a
dh

esi
on

 m
ole

cu
le;

 sT
NF

RI
I: 

so
lub

le 
tum

or 
ne

cro
sis

 fa
cto

r r
ec

ep
tor

 ty
pe

 II
; T

IM
P-

1: 
tis

su
e i

nh
ibi

tor
 of

 m
eta

llo
pro

tei
na

se-
1.

 www.jrheum.orgDownloaded on April 19, 2024 from 

http://www.jrheum.org/


1005Rodriguez-Pla, et al: Serum biomarkers in vasculitis

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2020. All rights reserved.

Ta
ble

 3.
Se

lec
ted

 an
aly

ses
 of

 m
ark

ers
 sh

ow
ing

 as
so

cia
tio

n w
ith

 di
sea

se 
ac

tiv
ity

.

Ma
rke

r  
    

    
    

    
    

 G
CA

    
    

    
    

    
    

   G
CA

 M
eds

    
    

    
    

  T
A M

eds
    

    
    

    
    

 PA
N 

    
    

    
    

    
    

    
PA

N 
Me

ds 
    

    
    

    
    

  E
GP

A 
    

    
    

    
    

    
EG

PA
 M

eds
    

    
    

    
    

   L
VV

    
    

    
    

    
    

LV
V 

Me
ds

AC
E 

    
    

    
    

    
    

    
—

    
    

    
    

    
    

    
    

    
—

    
    

    
    

    
    

    
  —

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

    
 —

    
    

    
    

 –0
.27

 (–
0.5

7 t
o 0

.04
), 

   –
0.3

2 (
–0

.64
 to

 –0
.01

), 
    

    
    

   —
    

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
p =

 0.
09

    
    

    
    

    
    

   p
 = 

0.0
5

BC
A-

1  
    

    
    
0.2

3 (
0.0

1–
0.4

5),
    
    
    
 0.
33
 (0

.10
–0
.56

), 
    
    
    
    
 —

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

    
 —

    
    

    
    

  0
.27

 (–
0.0

1 t
o 0

.55
),  

    
    
0.3

4 (
0.0

5–
0.6

2),
    

    
 0.
21
 (0

.03
–0
.38

), 
    
    
0.2

4 (
0.0

7–
0.4

2),
 

    
    
    
    
    
    
    
    

p =
 0.
04

    
    
    
    
    
    
 p 

= 0
.00

5 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
  p

 = 
0.0

6 
    
    
    
    
    
    
 p 

= 0
.02

    
    
    
    
    
   p

 = 
0.0

2  
    
    
    
    
    
p =

 0.
00
6

CR
P  

    
    

    
    

0.3
5 (

0.0
1–

0.7
0),

    
    

    
    

    
    

 —
    

    
    

   –
0.4

7 (
–1

.02
 to

 0.
07

), 
    

    
    

—
    

    
    

    
    

    
    

    
    

 —
    

    
    

    
    

    
    

    
—

    
    

    
    

    
    

    
    

    
—

    
    

    
    

    
    

    
    

 —
    

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

 p 
= 0

.05
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

  p
 = 

0.0
9

ES
R 

    
    

    
    

  1
0.6

 (5
.3–

15
.8)

,   
    
    
    
10
.3 
(4.

9–
15
.8)

,   
    
    
    
    

—
    

    
    

    
  8
.12

 (1
.6–

14
.6)

,   
    
    
    
8.5

3 (
1.7

9–
15
.3)

,   
    
    
    
    
  —

    
    

    
    

    
    

    
    

    
—

    
    

    
    

    
  7
.86

 (3
.76

–1
2),

    
    
   7

.69
 (3

.55
–11

.8)
, 

    
    
    
    
    
    
    
  p

 = 
0.0

00
1  

    
    
    
    
    
 p 

= 0
.00

03
    
    
    
    
    
    
    
    
    
    
    
    
   p

  =
 0.
02

    
    
    
    
    
    
   p

 = 
0.0

1 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
 p 

= 0
.00

02
    
    
    
    
   p

 = 
0.0

00
3

G-
CS

F  
    

    
    
0.4

5 (
0.0

3–
0.8

7),
    

    
  0

.39
 (–

0.0
4 t

o 0
.83

),  
    

    
    

  —
    

    
    

    
    

    
    

 —
    

    
    

    
    

    
    

    
    

 —
    

    
    

    
    

 0.
53
 (0

.15
–0
.92

), 
    
    
   0

.62
 (0

.23
–1
.02

),  
    
    
    
    
   —

    
    

    
    

    
    

    
    

 —
    

    
    

    
    

    
    

    
p =

 0.
04

    
    
    
    
    
    
   p

 = 
0.0

8 
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
  p

 = 
0.0

07
    
    
    
    
    
    

p =
 0.
00
2

GM
-C

SF
    

    
  0
.31

 (0
.04

–0
.57

), 
    
    
 0.

27
 (–

0.0
1 t

o 0
.55

),  
    

    
    

  —
    

    
    

    
    

    
    

 —
    

    
    

    
    

    
    

    
    

 —
    

    
    

    
    

 0.
63
 (0

.21
–1
.06

), 
    
    
   0

.75
 (0

.32
–1
.19

), 
    
    
0.2

1 (
0.0

2–
0.3

9),
    

    
 0.
19
 (0

.01
–0
.38

), 
    
    
    
    
    
    
    
    
p =

 0.
03

    
    
    
    
    
    
   p

 = 
0.0

5 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
  p

 = 
0.0

04
    
    
    
    
    
   p

 = 
0.0

00
9  

    
    
    
    
   p

 = 
0.0

3  
    
    
    
    
    
 p 

= 0
.04

IL-
6  

    
    

    
    

    
    

    
—

    
    

    
    

    
    

    
    

    
—

    
    

    
    

    
    

    
  —

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

    
 —

    
    

    
    

    
 0.
45
 (0

.02
–0
.88

), 
    
    
   0

.49
 (0

.04
–0
.94

),  
    
    
    
    
   —

    
    

    
    

    
    

    
    

 —
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    
p =

 0.
04

    
    
    
    
    
    
  p

 = 
0.0

3
IL-

15
    

    
    

    
    

    
    

—
    

    
    

    
    

    
    

    
    

—
    

    
    

    
    

    
    

  —
    

    
    

    
    

    
    

 —
    

    
    

    
    

    
    

    
    

 —
    

    
    

    
    

 0.
44
 (0

.07
–0
.81

), 
    
    
    
0.5

8 (
0.2

–0
.95

),  
    
    
    
    
    

—
    

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
p =

 0.
02

    
    
    
    
    
    
 p 

= 0
.00

3
IL-

18
    

    
    

  0
.21

 (–
0.0

1 t
o 0

.43
), 

    
    

    
    

    
 —

    
    

    
    

    
    

    
  —

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

—
    

    
    

    
    

    
    

    
   

—
    

    
    

    
    
0.1

4 (
0.0

2–
0.2

5),
   
   0

.14
 (–

0.0
2 t

o 0
.31

), 
    

    
    

    
    

    
    

    
 p 

= 0
.06

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

   p
 = 

0.0
2  

    
    

    
    

    
 p 

= 0
.09

IL-
18

BP
    

    
   0

.14
 (0

.00
–0

.29
),  

    
    

    
    

    
   —

    
    

    
    

    
    

    
  —

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

—
    

    
    

    
    

    
    

    
    

—
    

    
    

    
  0

.16
 (–

0.0
1 t

o 0
.32

),  
  0

.11
 (–

0.0
0 t

o 0
.23

), 
    

    
    

    
    

    
    

    
 p 

= 0
.05

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

   p
 = 

0.0
6 

    
    

    
    

    
  p

 = 
0.0

5
IP-

10
    

    
    
–0
.26

 (–
0.4

7 t
o –

0.0
5),

   
 –0

.3 
(–0

.52
 to

 –0
.08

),  
    
    
    
 —

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

—
    

    
    

    
    

    
    

    
    

—
    

    
    

    
    

    
    

    
 —

    
    

    
    

 –0
.18

 (–
0.3

7 t
o 0

.01
), 

    
    

    
    

    
    

    
    
p =

 0.
02

    
    
    
    
    
    
  p

 = 
0.0

08
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
  p

 = 
0.0

6
MM

P-3
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

    
—

    
    

    
    

    
    

    
  —

    
    

    
–0
.58

 (–
1.1

2 t
o –

0.0
4),

    
–0
.68

 (–
1.2

4 t
o –

0.1
3),

    
    
    
    

—
    

    
    

    
    

    
    

    
    

—
    

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

 —
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

 p 
= 0

.04
    
    
    
    
    
    
    
p =

 0.
02

OP
N 

    
    

    
    

    
    

    
—

    
    

    
    

    
    

    
    

    
—

    
    

    
    

    
    

    
  —

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

—
    

    
    

    
    

    
    

    
    

—
    

    
    

    
   0

.20
 (–

0.0
1 t

o 0
.4)

,   
    

    
    

    
—

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

 p 
= 0

.06
PD

GF
-A

B 
    

    
    

    
   —

    
    

    
    

    
    

    
    

    
—

    
    

    
    

    
    

    
  —

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

    
 —

    
    

    
    

  0
.32

 (–
0.0

2 t
o 0

.66
), 

    
  0

.34
 (–

0.0
0 t

o 0
.69

), 
    

    
    

    
 —

    
    

    
    

    
    

    
    

 —
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

p =
 0.

06
    

    
    

    
    

    
   p

 = 
0.0

5
sIL

-2R
α  

    
    

  0
.47

 (0
.14

–0
.79

),  
    

    
    

0.4
 (0

.06
–0

.73
), 

    
    

    
    

  —
    

    
    

    
    

    
    

 —
    

    
    

    
    

    
    

    
    

 —
    

    
    

    
    

 0.
60
 (0

.12
–1
.08

), 
    
    
   0

.68
 (0

.18
–1
.18

),  
    
    
    
    
   —

    
    

    
    

    
    

    
    

 —
    

    
    

    
    

    
    

    
p =

 0.
00

5  
    

    
    

    
    

    
p =

 0.
02

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
p =

 0.
01

    
    
    
    
    
    
 p 

= 0
.00

8
TIM

P-1
    

    
    
0.1

2 (
0.0

2–
0.2

1),
    

    
    
 0.
13
 (0

.03
–0
.23

), 
    
    
    
    
 —

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

—
    

    
    

    
    

    
    

    
    

—
    

    
    

    
    

    
    

    
 —

    
    

    
    

    
    

    
    

 —
    

    
    

    
    

    
    

    
p =

 0.
02

    
    
    
    
    
    
   p

 = 
0.0

1

M
ixe

d e
ffe

cts
 m

od
els

 in
clu

de
d m

ark
er 

co
nc

en
tra

tio
n a

s t
he

 de
pe

nd
en

t v
ari

ab
le,

 di
sea

se 
ac

tiv
ity

 as
 a 

dic
ho

tom
ou

s i
nd

ep
en

de
nt 

va
ria

ble
, th

e p
ati

en
t a

s t
he

 ra
nd

om
 ef

fec
t, w

ith
 or

 w
ith

ou
t c

urr
en

t u
se 

of
pre

dn
iso

ne
 an

d o
the

r im
mu

no
su

pp
res

siv
e d

rug
s (

“M
ed

s”)
 as

 in
de

pe
nd

en
t d

ich
oto

mo
us

 va
ria

ble
s. N

um
be

rs 
ind

ica
te 

β-
co

eff
ici

en
ts 

ass
oc

iat
ing

 an
 in

cre
ase

 (if
 > 

0) 
or 

de
cre

ase
 (if

 < 
0) 

in 
ma

rke
r c

on
ce

ntr
ati

on
wi

th 
ac

tiv
e d

ise
ase

, w
ith

 95
% 

CI
 in

 pa
ren

the
ses

, a
nd

  p
 va

lue
s. 

 A
ll m

ark
er 

va
lue

s e
xc

ep
t E

SR
 w

ere
 ln

-tr
an

sfo
rm

ed
. T

he
ref

ore
, th

e β
-co

eff
ici

en
t f

or 
ES

R 
rep

res
en

ts 
ab

so
lut

e c
ha

ng
e (

mm
/h)

, w
he

rea
s f

or
oth

er 
ma

rke
rs,

 th
e β

-co
eff

ici
en

t m
ult

ipl
ied

 by
 2.

72
 re

pre
sen

ts 
fol

d-c
ha

ng
e. 

On
ly 

an
aly

ses
 w

ith
 p 

< 0
.1 

are
 in

clu
de

d i
n t

his
 ta

ble
. A

na
lys

es 
wi

th 
p <

 0.
05

 ar
e s

ho
wn

 in
 bo

ld.
  R

esu
lts

 of
 al

l a
na

lys
es 

are
 in

Su
pp

lem
en

tar
y T

ab
le 

1. 
GC

A:
 gi

an
t c

ell
 ar

ter
itis

; T
A:

 Ta
ka

ya
su

 ar
ter

itis
; P

AN
: p

oly
art

eri
tis

 no
do

sa;
 E

GP
A:

 eo
sin

op
hil

ic 
gra

nu
lom

ato
sis

 w
ith

 po
lya

ng
iiti

s (
Ch

urg
-S

tra
us

s);
 LV

V:
 la

rge
-ve

sse
l v

asc
uli

tis
;

OP
N:

 os
teo

po
nti

n; 
AC

E:
 an

gio
ten

sin
-co

nv
ert

ing
 en

zy
me

; B
CA

-1:
 B

 ce
ll–

att
rac

tin
g c

he
mo

kin
e 1

; C
RP

: C
-re

ac
tiv

e p
rot

ein
; E

SR
: e

ryt
hro

cy
te 

sed
im

en
tat

ion
 ra

te;
 G

-C
SF

: g
ran

ulo
cy

te 
co

lon
y-s

tim
ula

tin
g

fac
tor

; G
M

-C
SF

: g
ran

ulo
cy

te-
ma

cro
ph

ag
e C

SF
; I

L:
 in

ter
leu

kin
; I

P-
10

: in
ter

fer
on

-γ
ind

uc
ibl

e p
rot

ein
-10

; s
IL

-2R
α:

 so
lub

le 
IL

-2 
rec

ep
tor

 α
;M

M
P: 

ma
tri

x m
eta

llo
pro

tea
se;

 PD
GF

: p
lat

ele
t-d

eri
ve

d g
row

th
fac

tor
; T

IM
P-

1: 
tis

su
e i

nh
ibi

tor
 of

 m
eta

llo
pro

tei
na

se-
1.

 www.jrheum.orgDownloaded on April 19, 2024 from 

http://www.jrheum.org/


1006 The Journal of Rheumatology 2020; 47:7; doi:10.3899/jrheum.190093

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2020. All rights reserved.

Biomarkers in EGPA. In EGPA, the markers G-CSF,
GM-CSF, IL-6, IL-15, and sIL-2Rα showed significant
increases in active disease with or without adjustment for
treatment, and BCA-1/CXCL13 was significantly increased
only with adjustment for treatment (Table 3; Supplementary
Table 2, available with the online version of this article). Most
of these markers were associated with disease activity in either
the 18 ANCA-positive patients (BCA-1/CXCL13, sIL-2Rα)
or the 19 ANCA-negative patients (G-CSF, GM-CSF), but not
both (Supplementary Table 3, available with the online
version of this article). The largest magnitude of change was
again modest: 2.7-fold for sIL-2Rα in ANCA-negative
patients. Using conditional logistic regression, the OR of
active disease with a 2.72-fold increase in GM-CSF was 1.76 
(p = 0.02). Change in GM-CSF concentration compared to a
patient’s mean during remission had an AUC-ROC of only
0.59 (p = 0.04), and absolute GM-CSF concentration in an
unadjusted logistic regression had an AUC-ROC of 0.56 
(p = 0.11).
Correlations among tested biomarkers. The correlation of
ESR or CRP with the experimental markers was weak, no
higher than r = 0.25. The markers of systemic inflammation
produced by the liver (ESR and CRP) were well-correlated
with each other (r = 0.53). Most of the cytokines,
chemokines, and soluble receptors (BCA-1/CXCL13,
G-CSF, GM-CSF, IFN-γ, IL-6, IL-8, IL-15, IL-18, IL-18BP,
IP-10/CXCL10, sIL-2Rα, and sTNFRII) were weakly to
moderately correlated (r between 0.25 and 0.50) in all 4
diseases (Supplementary Figure 1, available with the online
version of this article), and included all of the markers that
were associated with EGPA. Another block lacked a clear
inflammatory theme (ACE, OPN, PAI-1, PDGF-AB,
RANTES/CCL5, sICAM-1, sIL-6R, and TIMP-1) and had
weaker correlations in GCA than in the other diseases.
MMP-3 and NGAL did not fall into larger blocks. 
    There was little if any correlation of biomarker concen-
trations with age. Among samples taken during remission,
correlation coefficients of biomarker concentrations with age
varied between r = –0.23 and 0.19. Similarly, there was no
apparent correlation, in samples taken during active disease
or remission, between biomarker concentrations and disease
duration: r = –0.13 to 0.11.
Comparison of biomarkers between diseases. Differences in
marker levels between diseases were apparent by inspection
and were shown to be significant in mixed models for 11
markers: BCA-1/CXCL13, CRP, ESR, G-CSF, GM-CSF,
IL-6, IL-8, IL-18BP, IP-10/CXCL10, MMP-3, and sIL-2Rα
(Table 2). Plots of distributions of concentrations of the 6
markers that differed across diseases and differed with disease
activity in at least 1 disease (BCA-1/CXCL13, ESR, IL-18BP,
IP-10/CXCL10, MMP-3, sIL-2Rα) are shown in Figure 1A.
    Although association of markers with disease activity did
not vary greatly with or without adjustment for treatment, we
found that association of marker concentration with

prednisone treatment, after adjustment for disease activity,
was convincing for 3 markers (BCA-1/CXCL13, ESR,
MMP-3), in which p < 0.01 across all diseases and in at least
2 individual diseases. Plots of data separated by disease,
activity, and prednisone use are shown in Figure 1B.
Classification tree to differential disease states in GCA. A
J48 classification tree to differentiate between active and
inactive GCA cases was generated starting with the full list
of markers and resulted in the markers shown in Figure 2.
TIMP-1 was the most important classifier, because it divided
the tree into 2 major branches. A combination of lower values
of TIMP-1, IL-6, INF-γ, and MMP-3 was found in 85 of the
104 samples during remission, and overall the tree correctly
classified 102/104 (98%) of cases during remission. Different
combinations of 8 markers correctly classified patients with
active disease, but only in 36/61 (56%) cases. The 5-fold
cross-validation results showed only 66% of cases classified
correctly: 87% of inactive cases but only 31% of active cases.
A J48 classification tree was also built with inclusion of ESR,
but the accuracy was lower and complexity higher (data not
shown). 

DISCUSSION
This study was done to identify potential biomarkers of
disease activity identified in GCA, TA, PAN, and EGPA, and
to compare biomarkers across diseases. Five markers were
associated with GCA and 5 with EGPA, and only sIL-2Rα
was associated with both diseases. The magnitudes of marker
change with disease activity were small (< 2-fold). Marker
concentrations differed more between diseases, independent
of apparent clinical activity or concurrent treatment, than they
did with level of disease activity longitudinally within each
patient.
    The only marker associated with disease activity in different
types of vasculitis was sIL-2Rα. The IL-2/IL-2Rα (CD25)
pathway plays an essential role in regulating immune
responses, both positive (activation and replication of effector
T cells) and negative (development of Treg cells). The sIL-2Rα
can inhibit IL-2 signaling and enhance T cell proliferation and
expansion21 and it has been implicated in autoimmune condi-
tions, including multiple sclerosis22, and in macrophage
activation syndrome arising from a range of causes23.
    The potential markers of active disease in GCA identified
in our study include BCA-1/CXCL13, ESR, sIL-2Rα, and
TIMP-1, which were increased in active disease, and
IP-10/CXCL10, which was decreased. TIMP-1 was also the
most important classifier when we used a different analytical
approach with a J48 classification tree, which establishes a
cutpoint for above versus below. The tree classified samples
in remission much better than during active disease: 87%
versus 31% in the cross-validation step, an appropriately
conservative way to interpret a classification scheme derived
from a single dataset. ESR and CRP have both been shown
to be associated with active GCA24, and at least 1 of them is
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Figure 1. Selected biomarker concentrations in different forms
of vasculitis and in healthy controls (Ctl), separated by disease
activity (A) and additionally by use (P+) or non-use (P–) of
prednisone (B). Plots show medians and interquartile ranges.
Units are mm/h for ESR, ng/ml for MMP-3, and pg/ml for
BCA-1, IL-18BP, IP-10, and sIL-2Rα. R: remission; A: active
vasculitis; ESR: erythrocyte sedimentation rate; MMP: matrix
metalloprotease; BCA-1: B cell–attracting chemokine 1;
CXCL13: CXC motif ligand 13; IL: interleukin; IP-10: inter-
feron-γ inducible protein-10; sIL-2Rα: soluble IL-2 receptor
α; GCA: giant cell arteritis; TAK: Takayasu arteritis; PAN:
polyarteritis nodosa; EGPA: eosinophilic granulomatosis with
polyangiitis.
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elevated in almost all patients with untreated, biopsy-proven
GCA25, in line with clinical practice. Because ESR and CRP
are widely used clinically in determining disease activity in
GCA, they could have biased this study to detect them as
significant markers, if the investigator used them to
determine whether a confusing clinical situation constituted
a flare. To our knowledge, associations of elevated levels of
sIL-2Rα and TIMP-1 and decreased levels of IP-10/CXCL10
with active GCA have not been previously reported. 
    MMP have gelatinolytic activity and some of them have
been found to be expressed26 and upregulated27 in GCA
lesions, whereas their natural inhibitors TIMP-1 and TIMP-2
are downregulated, yielding an increase in proteolytic
balance28. Further, dexamethasone has proven to downregulate
several proinflammatory mediators, including TIMP-1 in
vitro29. In this context, finding an increase of TIMP-1 in active
GCA is surprising. However, it has been recognized that
TIMP-1 is a multifunctional protein that is not only an inhibitor
of MMP but also has a possible cytokine-like action, as well
as growth factor–like and antiapoptotic properties. TIMP-1
expression can be stimulated by a wide variety of agents
including serum, growth factors, phorbol esters, cytokines, and

interleukins, including IL-6, and viruses30. Therefore, we
postulate that its increased circulating concentration in active
GCA can be related to its cytokine-like action rather than its
interaction with MMP-3, although we cannot predict a specific
role, and circulating biomarkers in general may not reflect the
local pathology. The lack of correlation between MMP-3 and
TIMP-1 in this study (r = 0.11 in GCA, and –0.15 to 0.13 in
TA, PAN, and EGPA) is consistent with this interpretation.
    BCA-1/CXCL13, a chemokine for B cells, was associated
with disease activity in GCA, and possibly in EGPA but only
when the model was adjusted for treatment. This marker was
of particular interest because it was strongly associated with
highly active GPA or MPA in our previous study8. However,
prednisone use was associated with increased BCA-1/
CXCL13 across multiple diseases in the current study. It
appears likely that either active vasculitis or prednisone
increases BCA-1/CXCL13, which may limit its usefulness as
a clinical biomarker. We are not aware of previous data
showing a rise in CXCL13/BCA-1 with prednisone, but this
has been well described in MMP-3, the other marker in which
we saw such an effect8. 
    In TA, plasma levels of cellular adhesion molecules and

Figure 2. J48 classification tree for GCA biomarkers. Starting at the top, each decision node (oval) shows the marker to be used in a classification step. The
marker level cutpoint (in mm/h for ESR, pg/ml for the others) is shown at each branch point, with values less than the cutpoint moving a sample to the left and
values greater than the cutpoint going to the right. Classification of the sample by the algorithm as active disease (Act) or remission (Rem) is complete when it
reaches one of the terminal nodes, shown as rectangles. Numbers in the terminal nodes show the total no. samples classified into the node followed by the
number incorrectly classified, if any. For example, in the left-most terminal node, the tree has classified 112 samples sharing the properties of low TIMP-1, low
IL-6, low IFN-γ, and low MMP-3 as remission: 85 remission samples classified correctly, and 27 active samples classified incorrectly. Evaluation of the overall
tree in classifying remission is determined by adding the numbers of samples correctly classified in Rem terminal nodes (102) and comparing to the number
incorrectly classified in Act terminal nodes (2). Conversely, performance in classifying active disease involves comparing the numbers correctly classified in
Act terminal nodes (34) to the numbers incorrectly classified in Rem terminal nodes (27). GCA: giant cell arteritis; ESR: erythrocyte sedimentation rate; 
TIMP-1: tissue inhibitor of metalloproteinase-1; IL: interleukin; IFN: interferon; ACE: angiotensin-converting enzyme; MMP: matrix metalloprotease; 
NGAL: neutrophil gelatinase-associated lipocalin; TNFRII: tumor necrosis factor receptor type II; GMCSF: granulocyte-macrophage colony-stimulating factor.
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coagulation-related proteins were unrelated to activity status
in a previous study31. Small studies have reported higher
serum levels of IL-632,33 and IL-8/CXCL834 in patients with
active TA. We did not find such an association in our study
but determining disease activity in TA after treatment is
started is notoriously difficult, and one or more forms of
imaging will likely serve prominently as the gold standard in
future biomarker studies.
    In EGPA, the most promising biomarkers of disease
activity within the tested panel seem to be G-CSF, GM-CSF,
IL-6, IL-15, and sIL-2Rα, although likely differing in
ANCA-positive and ANCA-negative patients. Although all of
these proteins were associated with highly active GPA and
MPA in our previous study8, the 3 markers most strongly
associated with active GPA and MPA (BCA-1/CXCL13,
MMP-3, TIMP-1) were not associated with active EGPA in
the current study. In later stages of the same trial, a study in
which many patients were receiving treatment and many flares
were mild, similar to the current study, IL-6 and sIL-2Rα were
among 10 markers associated with GPA and MPA, whereas
G-CSF and GM-CSF were not (unpublished data).
    The 3 blocks of markers with significantly correlated
concentrations were similar to what we observed in our
previous study of GPA and MPA in patients with severe
disease and in remission8. In both studies, CRP and ESR
correlated well with each other but weakly and inconsistently
with any other marker. The block of cytokines, chemokines,
and soluble receptors was particularly similar to what was
reported previously, except that sTNFRII did not correlate
well with markers in that block in the previous study8, but
did in all 4 diseases in the current study. Finally, a block of
other, generally noncytokine proteins, was not apparent in the
GPA/MPA study but was apparent in TA, PAN, and EGPA in
the current study, with no clear explanation. 
    Treatment with either prednisone or other immunosup-
pressive agents had a significant effect on concentrations of
some measured biomarkers. Although estimates of associ-
ation of a marker with active disease did not change much
with or without adjustment for treatment, our ability to
determine the effects of treatment and effects of active
disease independent of treatment was limited because only
about 10% of samples were obtained off treatment, in a
cohort in which disease activity was also changing. Other
studies in the VCRC EGPA cohort have shown substantial
effects of treatment on levels of circulating biomarkers
(eotaxin-3, ESR, CRP, and eosinophil count)5,6, but these
markers are specifically related to eosinophils or are markers
of systemic inflammation, 2 aspects of inflammation known
to be particularly responsive to glucocorticoids. 
    A focus on patients during treatment is an appropriate
assessment of the potential clinical utility of a biomarker’s
association with disease activity — one that is not generally
seen in the first study reporting a new biomarker. In
vasculitis, study of untreated patients is best if the goal is to

allow distinction from other potential diagnoses, or to gain
insight into pathophysiology, or to provide noninvasive
assessment of the involvement of particular organ systems
(staging), or to provide prognostic information about likely
response to treatment. Our study thus could not address any
of these questions and was not expected to provide a platform
to discover disease-specific biomarkers, either between the
vasculitides in this study or with AAV from our previous
study. It is hard to predict whether biomarkers associated with
future relapse risk will be found more readily in patients
before or after treatment, and we did not attempt to address
this question either. Although a comparison between diseases
would ideally include untreated patients, we nevertheless
were able to detect some differences in association with
activity and during remission. These have been associated
with active GCA13: IFN-γ, IL-6, IL-8, OPN, PAI-1, PDGF,
sICAM-1, and sIL-6R, and we propose that our results simply
reflect reduction in biomarker concentrations by treatment
rather than being irreconcilable with earlier reports13.
    An additional limitation of our study was that dosing of
medications, particularly prednisone, was not available, and
we did not attempt to discern whether medications had been
started or stopped in the month before the visit. Using the
investigator’s assessment as the gold standard for disease
activity is potentially problematic, but unavoidably so for this
type of pilot study. Finally, the results of our J48 classification
tree should be taken with caution given that the cross-valida-
tion was not very satisfactory as the accuracy dropped, and
validation in a separate cohort is important before drawing
conclusions about any prediction algorithm involving
multiple predictor variables.
    The unexpected finding that differences between diseases
during clinical remission were more evident than differences
related to disease activity or treatment deserves further study
in a different direction. There was no clear biologic associ-
ation of the markers in which this was observed (e.g.,
elevation of BCA-1/CXCL13, IL-18BP, and MMP-3 in PAN,
or sIL-2Rα in EGPA). From a practical point of view,
however, a focus on these proteins during clinical remission,
including study of patients who remain in remission over the
long term (not represented in this study), may lead to
discovery of biomarkers associated with a tendency to relapse
or with longterm outcomes.
    We identified several biomarkers of disease activity in both
GCA and EGPA. The most promising markers of active disease
in GCA were BCA-1/CXCL13, ESR, IP-10/CXCL10,
sIL-2Rα, and TIMP-1, and in EGPA were G-CSF, GM-CSF,
IL-6, IL-15, and sIL2-Rα. Differences of biomarker levels
between diseases were more striking than differences related
to disease activity or treatment, especially for 6 markers:
BCA-1/CXCL13, ESR, IL-18BP, IP-10/CXCL10, MMP-3,
and sIL-2Rα. Further studies in other cohorts are needed to
confirm or refute these findings, to clarify the potential role of
these cytokines for diagnosis and/or monitoring of clinical
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activity in GCA and EGPA, and to understand the roles of those
molecules in the inflammatory cascade in the vascular wall.
ONLINE SUPPLEMENT
Supplementary material accompanies the online version of this article.
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