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Abstract
Objective

SAPHO syndrome is a rare inflammatory disorder with multiple phenotypes, including synovitis, acne, pustulosis, 
hyperostosis, and osteitis. IgG4 is a subclass of immunoglobulin G, and the elevation of IgG4 has been found in different 
autoimmune diseases. In the present study, we explored the clinical significance of serum IgG4 levels in patients with 

SAPHO syndrome.

Methods
Fifty-two patients who met the classification criteria of SAPHO syndrome were included in this study. Clinical data and 

disease activity markers were collected including erythrocyte sedimentation rate (ESR), high sensitivity C-reactive protein 
(hsCRP), pain visual analogue scale (VAS), Bath Ankylosing Spondylitis Metrology Index (BASMI), Bath Ankylosing 
Spondylitis Disease Activity Index (BASDAI), Bath Ankylosing Spondylitis Functional Index (BASFI) and Ankylosing 

Spondylitis Disease Activity Score (ASDAS). Serum immunoglobin (IgA, IgM, and IgG) and IgG subclass (IgG1, IgG2, 
IgG3, and IgG4) levels were determined using the immunonephelometric assay. 

Results
Raised serum IgG4 levels (>1400 mg/dL) were detected in 23% (12/52) of patients. Patients with elevated sIgG4 levels 

had significantly higher pain VAS (5.42±2.76 vs. 3.08±1.78, p=0.02), BASMI (1.80±1.64 vs. 0.38±0.94, p=0.03) and 
ASDAS (3.20±0.65 vs. 1.74±0.58, p<0.001) levels compared with patients with normal sIgG4 levels. This difference 

was also observed for ESR (38.2 vs. 22.2 mm/h, p=0.01) and serum CRP (21.0 vs. 2.2 mg/L, p=0.04) levels, which also 
positively correlated with sIgG4 levels. We also included 4 patients whose IgG4 levels decreased and correlated with 

the decrease in hsCRP and ESR levels after treatment. 

Conclusion
Elevated sIgG4 levels are common in patients with SAPHO syndrome and are associated with high disease activity. 

Further investigations are needed for this phenomenon.
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Introduction
SAPHO syndrome is a rare autoinflam-
matory disorder, composed of synovi-
tis, acne, pustulosis, hyperostosis, and 
osteitis. Our previous results showed 
palmoplantar pustulosis and anterior 
chest wall pain are common in Chinese 
SAPHO syndrome patients (1). Be-
cause of the high heterogeneity of the 
phenotypes, the validation of diagnosis 
is still difficult. Based on clinical fea-
tures and radiological and histological 
tests, no standard criteria for SAPHO 
syndrome are universally accepted 
(2). While spontaneous remission hap-
pens in some patients, the prognosis 
remains uncertain within patients who 
suffer from severe clinical features. Ad-
ditionally, the responses to treatments, 
for example diphosphonate (3, 4), are 
still controversial. The ability to de-
fine the subtypes of SAPHO syndrome 
is of great importance to treat patients 
and predict the prognosis. Commonly 
used disease activity markers are visual 
analogue scale (VAS) and inflammatory 
indicators. Our previous study indicat-
ed that patients with spinal or sacroil-
iac involvement had significant higher 
hsCRP and ESR levels (5). VAS is of-
ten treated as pain measurement, but 
was reported to be “not very accurate” 
and “almost guesswork” because of its 
subjectivity (6). A plasma protein called 
high sensitivity C-reactive protein 
(hsCRP), known for its rapid increased 
expression as part of the acute phase 
reaction, was reported to be influenced 
by gene and environmental conditions 
(7). In ankylosing spondylitis patients, 
hsCRP did not correlate with disease 
activity (8). As a result, recent studies 
tried to find new markers to accurately 
measure the disease activity. In terms of 
radiographic examinations, CT scan of 
SAPHO syndrome patients marked the 
disease activities (9). Previous studies 
indicated that tracer uptake was ob-
served in bone scintigraphy in the ante-
rior chest wall in most SAPHO patients 
which may function in disease activity 
marker (10). Whether PET/CT imaging 
could act as disease activity marker to 
classify subtypes of SAPHO syndrome 
is still controversial (11, 12). 
Previous studies indicated that com-
pared with normal patients, serum lev-

els of proinflammatory and anti-inflam-
matory cytokines and receptor activator 
of nuclear factor-κB ligand/osteoclas-
togenesis inhibitory factor (RANKL/
OPG) differ in SAPHO syndrome pa-
tients, and active SAPHO patients have 
anomaly balances of these biomarkers 
(13). Serum biomarkers could serve 
as potential markers to define SAPHO 
syndrome subtypes.
IgG4 is a subclass of immunoglobulin 
G, which recently received attention 
because of the recognition of IgG4-
related diseases (14). The elevation of 
IgG4 has been found in various kinds 
of diseases, such as autoimmune dis-
eases, lymphoma, chronic infections, 
etc. (15). It was reported that new phe-
notypes could be defined by IgG4 level. 
For example, elevated serum IgG4 de-
fines a specific clinical phenotype of 
rheumatoid arthritis (16). IgG4 eleva-
tion, as a characteristic in IgG4-related 
diseases, functions in differentiating 
IgG4-related diseases with other auto-
immune diseases, such as Mikulicz’s 
disease from Sjögren’s syndrome (17), 
and type I autoimmune pancreatitis 
from autoimmune pancreatitis (18). El-
evated IgG4 levels have been reported 
in SAPHO patients (19). However, no 
studies have explored the clinical sig-
nificance of serum IgG4 levels. 
In this study, we present sIgG4 as dis-
ease activity marker and predictor for 
treatment response in patients with 
SAPHO syndrome. 

Materials and methods 
Patients
Fifty-two patients who fulfilled the 
classification criteria for SAPHO (pro-
posed by Kahn MF (20)) were recruited 
from March 2015 to April 2018 at Pe-
king Union Medical College Hospital, 
Beijing. Patients who had IgG subclass 
measurements and disease assessment 
data were included in this study. Pa-
tients who did not have clinical assess-
ments at the same time as the IgG4 sub-
class measurement were excluded from 
this study. In addition, patients with the 
following diseases were excluded from 
this study: allergic disorders, Castle-
man disease, Churg-Strauss syndrome 
and IgG4-RD. Five included patients 
were naïve on therapy, and other pa-
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tients have been treated by nonsteroi-
dal anti-inflammatory drugs (NSAIDs), 
methotrexate (MTX), bisphosphonate, 
biological agents, etc. The study was 
approved by the Peking Union Medical 
College Hospital Ethics Committee as 
ZS-944. Written informed consent was 
obtained from each patient.

Clinical assessments 
Clinical data included the following 
variables: age, sex, skin lesions (pso-
riasis vulgaris (PV) and palmoplantar 
pustulosis (PPP)), type of joint in-
volvement (chest wall, axis, and pe-
ripheral involvement), hsCRP, ESR, 
interleukin-6 (IL-6), interleukin-8 
(IL-8), interleukin-10 (IL-10), tumour 
necrosis factor-α (TNF-α), and immu-
noglobin (IgA, IgM, IgG, IgG1, IgG2, 
IgG3, and IgG4) were collected before 
treatments. The severity of symptoms 
were assessed by the VAS, BASDAI, 
BASFI, BASMI and ASDAS.

Statistical analysis
Clinical characteristics were compared 
using the chi-squared test or the Fish-
er’s exact test for categorical variables 
and Student’s t-test for continuous var-
iables. Mann-Whitney U-test was used 
to compare variables with a skewed 
distribution. Spearman’s rank order 
correlation test was used to assess the 
correlation between two variables. 
p<0.05 was considered statistically sig-
nificant unless stated otherwise.

Results
Clinical manifestations of 
52 SAPHO syndrome patients
The cut-off for IgG4 elevation is 1400 
mg/L (the upper limit for normal serum 
IgG4 at Peking Union Medical College 
Hospital). Twelve among 52 recruited 
patients (23.0%) showed an elevated 
serum IgG4 level.
Table I presents the general character-
istics of SAPHO patients with elevated 
(n=12) and normal (n=40) IgG4 lev-
els. The IgG4 level for all patients was 
839±857.34 mg/L. The mean IgG4 lev-
el in normal IgG4 patients was 453.0 
mg/L, which was significantly less than 
that in the elevated IgG4 group (2209.2 
mg/L). There were no significant dif-
ferences of disease involvement be-

tween the elevated and normal IgG4 
groups. The mean IgG4/IgG ratio in the 
elevated IgG4 group was 9.8%, which 
was significantly higher than that in the 
normal IgG4 group (3.6%). Patients 
with elevated IgG4 serum levels were 
characterised by increasing hsCRP (21 
vs. 2.2 mg/L; p=0.04) ESR (38.2 vs. 
21.2 mm/h; p=0.01) and IgG2 (6874.5 
vs. 4768.1 mg/L; p=0.04) levels.

IgG4 and clinical disease activity
VAS, BASDAI, BASFI, BASMI, and 
ASDAS were used to evaluate the 
disease activity of SAPHO patients. 

Patients with elevated serum IgG4 
levels had significantly higher VAS, 
BASMI, and ASDAS levels than pa-
tients with the normal serum IgG4 
levels (VAS, 5.42±2.76 vs. 3.08±1.78, 
p=0.02; BASMI, 1.80±1.64 versus 
0.38±0.94, p=0.03; ASDAS, 3.20±0.65 
vs. 1.74±0.58, p<0.001). Close to sig-
nificance, BASDAI and BASFI were 
higher in the elevated IgG4 group 
than the normal IgG4 group (BAS-
DAI, 3.69±2.20 vs. 2.48±1.37; BASFI, 
2.20±3.93 vs. 1.10±1.80) (Fig. 1). 
Patient’s ESR (38.2 vs. 21.2 mm/h, 
p=0.01) and hsCRP (21.0 vs. 2.2 

Table I. Baseline demographic characteristics.

Factor	 Elevated IgG4	 Normal IgG4	 p-value
	 n=12	 n=40	

Sex (male)	 4	 10	 0.57
Age (years)	 38.4	 40.0	 0.74
PV	 1	 8	 0.30
PPP	 8	 22	 0.62
Chest wall involvement	 9	 30	 0.59
Axis involvement	 8	 22	 0.79
Peripheral involvement	 6	 20	 0.97
hsCRP, mg/L	 21	 2.2	 0.04*
ESR, mm/h	 38.2	 21.2	 0.01*
IL-6, pg/mL	 14.1	 5.7	 0.32
IL-8, pg/mL	 86.0	 222.0	 0.14
IL-10, pg/mL	 5.01	 5.0	 0.08
TNF-α, fmol/L	 60.2	 29.2	 0.46
IgA, mg/mL	 3.7	 2.8	 0.07
IgG, mg/mL	 16.3	 13.1	 0.04*
IgM, mg/mL	 1.1	 1.0	 0.69
IgG1, mg/L	 8728.2	 7516.4	 0.20
IgG2, mg/L	 6874.5	 4768.1	 0.04*
IgG3, mg/L	 221.0	 240.0	 0.34
IgG4, mg/L	 1450.0	 367.0	 <0.001***
IgG1/IgG, %	 49.4	 57.1	 0.02*
IgG2/IgG, %	 37.1	 36.7	 0.90
IgG3/IgG, %	 1.1	 2.6	 0.50
IgG4/IgG, %	 9.8	 3.6	 <0.001***
Naïve on therapy	 1	 5	 0.69

PV: psoriasis vulgaris; PPP: palmoplantar pustulosis; hsCRP: high sensitivity C reactive protein; ESR: 
erythrocyte sedimentation rate; IL-6: interleukin-6; IL-8: interleukin-8; IL-10: interleukin-10; TNF-α: 
tumour necrosis factor-α; Ig: immunoglobin
*p<0.05; **p<0.01; ***p<0.001.

Fig. 1. Relationship between 
serum IgG4 levels and patients’ 
measurement scores. Patients 
with elevated levels of IgG4 
had higher VAS, BASDAI, 
BASDFI, BASMI, and ASDAS 
scores.

*p<0.05; **p<0.01; 
***p<0.001.
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mg/L, p=0.04) levels in the elevated 
IgG4 group were significantly higher 
than those of the normal IgG4 group 
(Fig. 2A-B). Of the total 52 patients, 
55.1% had an elevated ESR level 
(ESR >20 mm/h); the median IgG4 
levels of patients in elevated and nor-
mal ESR were 622.0±1236 mm/h and 
259.5±382 mm/h (p=0.034) (Fig. 2C), 
respectively, and showed a significant 
difference between these two groups. 
High hsCRP levels were seen in 60.8% 
of patients (hsCRP>3 mg/L). The me-
dian IgG4 levels in elevated and nor-
mal hsCRP were 615.0±1456 mg/L 
and 376.5±465.5 mg/L, respectively, 
and revealed a statistical significance 
(p=0.03) (Fig. 2D).
Serum IgG4 levels correlated posi-
tively with hsCRP (r=0.363, p=0.009), 
ESR (r=0.301, p=0.035) and ASDAS 
(r=0.678, p<0.001). Data are shown in 
Table II. Figure 3 shows the graphical 
representation of these correlations.

Serum IgG4/IgG in the elevated hsCRP 
group (4.33%±7.29%) showed no dif-
ferences with the normal hsCRP group 
(3.52%±4.22%), and no significances 
were revealed in the elevated ESR 
group (4.19%±7.23%) and the normal 
ESR group (3.95%±3.3%). Correla-
tion analysis showed no correlations 
between IgG4/IgG and ESR or hsCRP.

Treatment in elevated IgG4 patients
Among 12 patients with elevated IgG4 
levels, 4 patients had evaluated serum 
IgG4 levels more than once. Patient A’s 
initial IgG4 level was 2490 mg/L. After 
the treatment of tocilizumab injection 
once and methotrexate and tripterygi-
um glycoside orally for one month, the 
serum IgG4 level decreased to 1950 
mg/L and was accompanied with a de-
crease of hsCRP and ESR levels from 
13.3 mg/L to 1 mg/L and 62 mm/h to 
19 mm/h, respectively. Then, celecoxib 
was added to the therapy. One month 

later, the serum IgG4 of this patient 
dropped to a normal level (1150 mg/L). 
In addition, hsCRP and ESR levels de-
creased to 0.12 mg/L and 7 mm/h, re-
spectively. The serum IgG4 levels were 
tested during the treatment for other 
three patients, and their disease activity 
were marked by hsCRP and ESR. Al-
though different treatments were given 
to these four patients, we can clearly 
see from Figure 4 that hsCRP, ESR and 
serum IgG4 levels had the same tenden-
cy through the whole treatment period. 

Discussion
According to our findings, 12/52 of 
SAPHO patients had increased IgG4 
serum levels >1400 mg/L, which is the 
upper limit for normal serum IgG4 at 
Peking Union Medical College Hos-
pital. IgG4-RD is a newly recognised 
disease characterised by active lesions, 
lymphoplasmacytic infiltrated IgG+ 
plasma cells, storiform fibrosis and of-
ten elevated serum IgG4 (21). SAPHO 
syndrome, usually without involve-
ment of pancreatic glands, salivary 
glands, and lacrimal glands, has seldom 
evidence in relation with the IgG4-RD 
(22). Elevation of serum IgG4 is one 
of the diagnostic criteria of IgG4-RD; 
however, its specificity is low, and el-
evated serum IgG4 levels has been 
reported in many other diseases in ad-
dition to IgG4-RD. These diseases in-
clude autoimmune diseases, malignan-
cies, chronic infections, Rosai-Dorf-
man disease, Castleman disease, etc. 
In the present study, 25% of patients 
who suffered from SAPHO syndrome 
had elevated serum IgG4 levels, which 
was even higher than 13.6% indicated 
by Ebbo et al. (15). Zhang et al. (23) 
investigated IgG subclasses in autoim-
mune diseases and found that IgG4 lev-
els were significantly higher in pSS and 
SSc patients than in healthy controls. 
However, the sample size of the present 
study is small, which means the pro-
portion of elevated serum IgG4 should 
be tested in future research studies. In 
the present study, the IgG4 level was 
839 mg/L. Although IgG4 levels from 
healthy controls were not included in 
the study, this level of IgG4 is higher 
than the data from healthy controls in 
Zhang’s study, indicating an elevation 

Fig. 2. Relationship between disease activity and serum IgG4 levels. 
A: ESR levels were higher in the elevated IgG4 group. B: hsCRP levels were higher in the elevated 
IgG4 group. C: Serum IgG4 levels were higher in the elevated ESR group. D: Serum IgG4 levels were 
higher in the elevated hsCRP group.
*p<0.05; **p<0.01; ***p<0.001.

Table II. Correlation analysis between IgG4 and hsCRP, ESR, ASDAS.

IgG4	 r-value	 p-value

hsCRP	 0.363	 0.009**
ESR	 0.301	 0.035*
ASDAS	 0.608	 <0.001***

*p<0.05; **p<0.01; ***p<0.001.
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of serum IgG4 levels in SAPHO syn-
drome.
The mechanism of IgG4 elevation in 
SAPHO syndrome seems to be unclear. 
A previous study showed that IL-6 
could stimulate IgG4 production in vit-
ro through B cell differentiation by in-
creasing Th17 expression (24). Patients 
with RA and AS have been reported to 
have higher IL-6 levels than healthy 
controls (25). Multicentric Castleman 
disease occurs with abundant IgG4-
positive cells and elevated IgG4 levels, 
as well as higher IL-6 levels (26). After 
the treatment with IL-6 receptor anti-
body and tocilizumab, IgG4 levels de-

creased in most RA patients (27). This 
study suggested that IL-6 may play an 
important role in the elevation of IgG4 
levels. However, Xu et al. indicated that 
SAPHO patients had lower NK cells 
and Th17 cells compared with healthy 
controls, which may suggest the de-
creasing of IL-6 in SAPHO syndrome 
patients (28). In the present study, we 
found the elevated IgG4 group had 
higher levels of IL-6, although without 
significance. To date, the IL-6 and IgG4 
relationship in SAPHO syndrome has 
not been researched and needs more 
future studies. On the other hand, IL-8 
was reported to inhibit IgG4 produc-

tion (29). However, no further evidence 
was found about the mechanism of this 
inhibition. Although, in the present 
study, the IL-8 level was lower in the 
IgG4 elevation group, no significance 
was achieved. Whether the elevation of 
IgG4 originated from the suppression 
of IL-8 remains unclear. It was reported 
that RA patients with elevated IgG4 
levels had significantly higher RF and 
anti-CCP antibodies, which highly re-
duced after tocilizumab treatment (16, 
27). These studies showed that elevated 
RF-IgG4 or anti-CCP IgG4 were the 
reason for the elevation of IgG4 levels 
in RA patients. However, although 22% 

Fig. 4. Serum IgG4, hsCRP, ESR levels after treatment. Serum IgG4, hsCRP, ESR changed with the same trends in four patients. 

Fig. 3. Correlation graphical presentation. HsCRP (A) and ASDAS (B) showed linear correlation with IgG4.
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of SAPHO patients had increased au-
toantibodies (30), no specific patterns, 
for example, IgG4-type autoantibodies, 
were detected (31). 
The aim of the present study was to de-
termine whether IgG4 levels in SAPHO 
patients associated with distinct clinical 
and serologic features. Serum IgG4 was 
shown to correlate with disease activity 
in patients with RA (16); similarly, we 
found that SAPHO disease activity was 
higher in patients with increased serum 
IgG4 levels. Our results indicated that 
the elevated IgG4 groups had higher 
hsCRP, ESR, BASMI, and ASDAS. Ad-
ditionally, for patients with higher ESR 
and hsCRP levels, IgG4 levels were 
significantly elevated. Further correla-
tion analysis suggested that IgG4 was 
correlated with hsCRP, ESR and AS-
DAS. In terms of clinical features, there 
were no relationships between IgG4 
levels and clinical features, such as PV, 
PPP, chest wall involvement, axis in-
volvement and peripheral involvement, 
which indicated that the elevation of 
IgG4 was not associated with a specific 
clinical characteristic. 
Our study primarily explored the cor-
relation of IgG4 levels and treatments. 
Our results included 4 patients with 
high IgG4 levels. There are no specific 
drug treatments or standard treatment 
protocols for SAPHO. NSAIDs in the 
case celecoxib, and disease-modifying 
anti-rheumatic drugs (DMARDs), fo-
cus on the relieving the patient’s pain 
and modifying the inflammation. Trip-
terygium glycoside, a Chinese medi-
cine extracted from tripterygiumwil-
fordii, was indicated to have the best 
remission rate than other treatments in 
SAPHO patients (32). Bisphosphonate, 
for example zoledronic acid, aimed at 
inhibiting bone resorption and suppress-
ing IL-1β, IL-6 and TNF-α secretion, 
which may be used in patients who are 
refractory to NSAIDs, corticosteroids 
and DMARDs. Additionally, biologi-
cal agents, for example tumour necro-
sis factor inhibitors and IL-6 receptor 
antibody, could be used for refractory 
patients (29). The IL-6 receptor anti-
body, tocilizumab, is commonly used in 
patients with RA. It was reported that 
decreased IgG4-specific anti-CCP anti-
bodies were achieved after tocilizumab 

treatment. In the present study, tocili-
zumab was also used in one SAPHO 
patient. Tocilizumab injection, accom-
panied with methotrexate and tripteryg-
ium glycoside treatment for 2 months, 
led to disease remission, including IgG4 
level decreasing from 2490 mg/L to 
normal level and significantly decreas-
ing hsCRP and ESR levels. For patients 
with high levels of serum IgG4, our re-
sults showed potential high IL-6 levels, 
despite having no significance. 
In the present study, patients in the el-
evated IgG4 group had higher levels of 
IgG. The increasing IgG levels could 
be the result of IgG4 or IgG2 eleva-
tion. Through correlation analysis, no 
correlations were found between IgG4/
IgG and hsCRP, ESR or other disease 
activity scores; in contrast to IgG-RD 
patients, IgG4/IgG is not a good disease 
marker compared to IgG4 in SAPHO 
patients. Our study indicated serum 
IgG2 levels were significantly higher 
in the IgG4 elevated group, although 
no differences were found for IgG2/
IgG. IgG2 autoantibodies are stimu-
lated by carbohydrate antigens (T cell-
independent antigens), while most au-
toantigens are derived from proteins (T 
cell-dependent antigens), which stimu-
late IgG1 and IgG3 autoantibodies (33). 
Zhang et al. found that serum IgG2 and 
IgG4 levels were significantly lower in 
pSS and SSc patients compared with 
healthy controls; while in PBC patients, 
higher IgG2 and IgG2/IgG levels were 
indicated (34). However, higher levels 
of IgG2 were observed in pSS and SLE 
patients in another research study (35, 
36). No consensus has been reached for 
the serum IgG2 level in autoimmune 
diseases, and no studies have revealed 
the reason of this difference in IgG2 
levels; further research is needed to re-
solve this problem. As a result, IgG2 el-
evation associated with IgG4 elevation 
should be further studied in the future.
The present study has some limitations. 
First, the sample size is small, which 
lead to some critical clinic data show-
ing trends without significance. On the 
other hand, clinical assessments were 
not complete, which gives rise to low 
credibility. Additionally, the present 
study explored the correlation between 
serum IgG4 and patients’ clinical char-

acteristics; molecular mechanisms (i.e. 
what triggers the elevation of IgG4 in 
SAPHO syndrome patients) should be 
studied in future studies. Despite the 
small sample size, the present study in-
dicated that IgG4 could be a potential 
disease activity marker. High levels of 
serum IgG4 may suggest a specific re-
sponse to certain treatments and should 
be studied in future carefully. 

Conclusion
Elevated sIgG4 levels are common in 
patients with SAPHO syndrome and is 
associated with high disease activity. 
Further investigations are needed for 
this phenomenon.

Acknowledgements
The authors thank all the patients who 
were involved in this study.

References
  1.	LI C, ZUO Y, WU N et al.: Synovitis, acne, pus-

tulosis, hyperostosis and osteitis syndrome: a 
single centre study of a cohort of 164 patients. 
Rheumatology (Oxford) 2016; 55: 1023-30.

  2.	ZIMMERMANN P, CURTIS N: Synovitis, 
acne, pustulosis, hyperostosis, and osteitis 
(SAPHO) syndrome - A challenging diagno-
sis not to be missed. J Infect 2016; 72 Suppl.: 
S106-14.

  3.	AMITAL H, APPLBAUM YH, AAMAR S, DAN-
IEL N, RUBINOW A: SAPHO syndrome treat-
ed with pamidronate: an open-label study of 
10 patients. Rheumatology (Oxford) 2004; 
43: 658-61.

  4.	SOLAU-GERVAIS E, SOUBRIER M, GEROT 
I et al.: The usefulness of bone remodelling 
markers in predicting the efficacy of pa-
midronate treatment in SAPHO syndrome. 
Rheumatology (Oxford) 2006; 45: 339-42.

  5.	CAO Y, LI C, XU W et al.: Spinal and sacroiliac 
involvement in SAPHO syndrome: a single 
center study of a cohort of 354 patients. Sem-
in Arthritis Rheum 2018 Sep 29 [Epub ahead 
of print].

  6.	 JACKSON D, HORN S, KERSTEN P, TURNER-
STOKES L: Development of a pictorial scale 
of pain intensity for patients with commu-
nication impairments: initial validation in a 
general population. Clin Med (Lond) 2006; 6: 
580-5.

  7.	SHEN J, ORDOVAS JM: Impact of genetic and 
environmental factors on hsCRP concentra-
tions and response to therapeutic agents. Clin 
Chem 2009; 55: 256-64.

  8.	CLAUSHUIS TA, de VRIES MK, van der WEI-
JDEN MA et al.: C-reactive protein poly-
morphisms influence serum CRP-levels in-
dependent of disease activity in ankylosing 
spondylitis. Clin Exp Rheumatol 2015; 33: 
159-65.

  9.	XU W, LI C, ZHAO X et al.: Whole-spine com-
puted tomography findings in SAPHO syn-
drome. J Rheumatol 2017; 44: 648-54.



41Clinical and Experimental Rheumatology 2020

IgG4 as a disease activity marker in SAPHO syndrome / C. Li et al.

10.	PRZEPIERA-BEDZAK H, BRZOSKO M: Clini-
cal symptoms, imaging, and treatment of 
SAPHO syndrome: a singlecenter study of 
52 cases. Pol Arch Intern Med 2018; 128: 
396-9.

11.	SCHAUB S, SIRKIS HM, KAY J: Imaging for 
Synovitis, Acne, Pustulosis, Hyperostosis, 
and Osteitis (SAPHO) syndrome. Rheum Dis 
Clin North Am 2016; 42: 695-710.

12.	SUN X, LI C, CAO Y et al.: F-18 FDG PET/
CT in 26 patients with SAPHO syndrome: a 
new vision of clinical and bone scintigraphy 
correlation. J Orthop Surg Res 2018; 13: 120.

13.	ZHANG S, LI C, ZHANG S et al.: Serum lev-
els of proinflammatory, antiinflammatory cy-
tokines and RANKL/OPG in synovitis, acne, 
pustulosis, hyperostosis and osteitis (SAPHO) 
Syndrome. Mod Rheumatol 2018: 1-18.

14.	ZHANG L, SMYRK TC: Autoimmune pancrea-
titis and IgG4-related systemic diseases. Int J 
Clin Exp Pathol 2010; 3: 491-504.

15.	EBBO M, GRADOS A, BERNIT E et al.: Pathol-
ogies associated with serum IgG4 elevation. 
Int J Rheumatol 2012; 2012: 602809.

16.	CHEN LF, MO YQ, MA JD, LUO L, ZHENG DH, 
DAI L: Elevated serum IgG4 defines specific 
clinical phenotype of rheumatoid arthritis. 
Mediators Inflamm 2014; 2014: 635293.

17.	YAMAMOTO M, OHARA M, SUZUKI C et al.: 
Elevated IgG4 concentrations in serum of pa-
tients with Mikulicz’s disease. Scand J Rheu-
matol 2004; 33: 432-3.

18.	AITHAL GP, BRESLIN NP, GUMUSTOP B: 
High serum IgG4 concentrations in patients 
with sclerosing pancreatitis. N Engl J Med 
2001; 345: 147-8.

19.	LI C, CAO Y, XU W, ZHANG W: Synovitis, 

acne,  pustulosis, hyperostosis, and osteitis 
(SAPHO) syndrome with elevated serum 
IgG4. Eur J Inflamm 2017; 15: 1721727× 
70894.

20.	KAHN MF, KHAN MA: The SAPHO syn-
drome. Baillieres Clin Rheumatol 1994; 8: 
333-62.

21.	STONE JH, ZEN Y, DESHPANDE V: IgG4-relat-
ed disease. N Engl J Med 2012; 366: 539-51.

22.	PUXEDDU I, CAPECCHI R, CARTA F, TAVONI 
AG, MIGLIORINI P, PUXEDDU R: Salivary 
gland pathology in IgG4-related disease: a 
comprehensive review. J Immunol Res 2018; 
2018: 6936727.

23.	ZHANG H, LI P, WU D et al.: Serum IgG sub-
classes in autoimmune diseases. Medicine 
(Baltimore) 2015; 94: e387.

24.	KAWANO Y, NOMA T, KOU K, YOSHIZAWA I, 
YATA J: Regulation of human IgG subclass 
production by cytokines: human IgG sub-
class production enhanced differentially by 
interleukin-6. Immunology 1995; 84: 278-84.

25.	PRZEPIERA-BĘDZAK H, FISCHER K, BRZOS-
KO M: Serum IL-6 and IL-23 levels and their 
correlation with angiogenic cytokines and 
disease activity in ankylosing spondylitis, 
psoriatic arthritis, and SAPHO syndrome. 
Mediators Inflamm 2015; 2015: 1-7.

26.	SATO Y, KOJIMA M, TAKATA K et al.: Multi-
centric Castleman’s disease with abundant 
IgG4-positive cells: a clinical and pathologi-
cal analysis of six cases. J Clin Pathol 2010; 
63: 1084-9.

27.	CARBONE G, WILSON A, DIEHL SA, BUNN 
J, COOPER SM, RINCON M: Interleukin-6 
receptor blockade selectively reduces IL-21 
production by CD4 T cells and IgG4 autoan-

tibodies in rheumatoid arthritis. Int J Biol Sci 
2013; 9: 279-88.

28.	XU D, LIU X, LU C et al.: Reduction of pe-
ripheral natural killer cells in patients with 
SAPHO syndrome. Clin Exp Rheumatol 
2019; 37: 12-18.

29.	KIMATA H, LINDLEY I, FURUSHO K: Selec-
tive inhibition of spontaneous IgE and IgG4 
production by interleukin-8 in atopic patients. 
Blood 1995; 85: 3191-8.

30.	GROSJEAN C, HURTADO-NEDELEC M, NICA-
ISE-ROLAND P et al.: Prevalence of autoanti-
bodies in SAPHO syndrome: a single-center 
study of 90 patients. J Rheumatol 2010; 37: 
639-43.

31.	HURTADO-NEDELEC M, CHOLLET-MARTIN 
S, NICAISE-ROLAND P et al.: Characteriza-
tion of the immune response in the synovi-
tis, acne, pustulosis, hyperostosis, osteitis 
(SAPHO) syndrome. Rheumatology (Ox-
ford) 2008; 47: 1160-7.

32.	ZWAENEPOEL T, VLAM K: SAPHO: Treat-
ment options including bisphosphonates. 
Semin Arthritis Rheum 2016; 46: 168-73.

33.	SCHROEDER HW JR, CAVACINI L: Structure 
and function of immunoglobulins. J Allergy 
Clin Immunol 2010;125 (Suppl. 2): S41-52.

34. 	ZHANG H, LI P, WU D et al.: Serum IgG sub-
classes in autoimmune diseases. Medicine 
(Baltimore) 2015; 94: e387.

35.	LIN GG, LI JM: IgG subclass serum levels in 
systemic lupus erythematosus patients. Clin 
Rheumatol 2009; 28: 1315-8.

36. 	LIU Y, LI J: Preferentially immunoglobu-
lin (IgG) subclasses production in primary 
Sjögren’s syndrome patients. Clin Chem Lab 
Med 2011; 50: 345-9.


