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ARTICLE INFO ABSTRACT
Keywords: Objective: SAPHO (Synovitis, Acne, Pustulosis, Hyperostosis and Osteitis) syndrome is a hetero-
SAPHO syndrome geneous disease that clinically manifests as chronic inflammatory osteoarticular and dermato-

Familial aggregation
Autoimmune disease
Rheumatoid arthritis

logical lesions. Few reports have described familial clustering of SAPHO syndrome cases. This
research aimed to illustrate the family aggregation of SAPHO syndrome and investigate the
prevalence of autoimmune disorders among SAPHO syndrome patients and first-degree relatives
in a large cohort.

Methods: We retrospectively reviewed the medical records of 233 SAPHO patients diagnosed at
Peking Union Medical College Hospital. Direct phone calls were made to each first-degree rela-
tives. All relatives of the patients who reported SAPHO syndrome were asked for a detailed
outpatient evaluation.

Results: A total of 233 patients and 1227 first-degree relatives were recruited. Six (2.6 %) patients
had positive SAPHO family history, including four mother-daughter pairs and two sister pairs.
Twenty-one (9.0 %) patients presented at least one kind of autoimmune disease, including 12
rheumatoid arthritis and 4 ulcerative colitis cases. Fifty-eight (24.9 %) SAPHO syndrome patients
had 68 (5.5 %) first-degree relatives with at least one autoimmune disorder. The palmoplantar
pustulosis, psoriasis vulgaris, and rheumatoid arthritis prevalence in our subjects were each
higher than reference rates.

Conclusion: This is the first evaluation of familial aggregation for SAPHO syndrome in a large
cohort. SAPHO syndrome has a weak familial aggregation. There is a relatively high prevalence of
coexisting autoimmune disease among patients with SAPHO syndrome and their first-degree
relatives. These results would prompt physicians to screen SAPHO syndrome patients and their
family members for concomitant autoimmune diseases.
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Keypoints: This study suggesting a potential genetic component in the pathogenesis of SAPHO
syndrome. This study is the first to evaluate the family aggregation of SAPHO syndrome in a large
cohort.

1. Introduction

SAPHO syndrome (Synovitis, Acne, Pustulosis, Hyperostosis and Osteitis) is a rare and underestimated disease characterized by
chronic inflammatory osteoarticular and dermatological lesions. The clinical manifestations of SAPHO syndrome are heterogeneous
[1]. The most commonly affected skeletal sites are the anterior chest wall, spine (for adults), and long bone (for children). Palmo-
plantar pustulosis (PPP), psoriasis vulgaris (PV), severe acne (SA), or other neutrophilic dermatosis are the main skin abnormalities in
patients with SAPHO syndrome [2]. Chronic recurrent multifocal osteomyelitis (CRMO) is considered a subtype of SAPHO syndrome;
the symptoms of CRMO are also included in the SAPHO syndrome diagnostic criteria [3].

The pathogenesis of SAPHO syndrome is likely multifactorial and probably involves a combination of genetic, infectious, and
immunological aspects with the participation of NK cells, Th17, and Treg cells [4,5]. Most of the published English works of literature
regarding SAPHO syndrome are based on sporadic cases. Reports of familial clustering of SAPHO syndrome cases are limited, but such
clustering has been described a monozygotic twin pair [6-8], a sibling pair [9,10], a parent-child pair [6], and a grandparent-child pair
[11]. Unfortunately, because most of these cases were described in case reports or cohort studies with relatively small sample sizes, the
clinical characteristics of some patients were not clearly illustrated. Notably, the proportion of the familial inheritance of SAPHO
syndrome remains unknown and has not been systematically evaluated in large cohorts.

There is growing evidence suggesting that autoimmune diseases tend to coexist both within individuals and within families [12].
The high prevalence of autoimmune diseases co-occurring within patients and families may indicate an autoimmune diathesis.
Moreover, the co-aggregation of SAPHO syndrome and certain other autoimmune diseases may imply overlapping pathogenesis that
deserves further elucidation [13]. Some studies on SAPHO syndrome have also reported that a small percentage of patients had a
family history of autoimmune disease or chronic inflammation disorders [14,15]. However, the prevalence of each autoimmune
disease among SAPHO patients and their first-degree relatives is yet to be determined.

In this study, we reviewed the medical records of 233 patients with SAPHO syndrome diagnosed in our medical center. This
research was conducted on a large cohort to illustrate the family aggregation of SAPHO syndrome and understand the coexisting
autoimmune disorders within SAPHO syndrome patients and their families.

2. Methods
2.1. Participants and ethics

From January 2015 to February 2017, patients with SAPHO syndrome were continuously recruited for the present study from our
former cohort [16]. All patients met Kahn’s 2003 diagnostic criteria [17]. Written consent was obtained from each patient, and verbal
consent was obtained from each relative. This study was approved by the Institutional Review Board of Peking Union Medical College
Hospital (PUMCH) (approval number: ZS-944).

2.2. Data collection

Detailed demographic and clinical data, including age, cutaneous manifestations, bone manifestations, and all autoimmune dis-
order comorbidities, were collected during each patient’s first visit at the PUMCH outpatient clinic. At this time, the patients were also
questioned regarding a family history of SAPHO syndrome and provided contact information of each of their first-degree relatives (i.e.,
parents, all siblings, and all children). Direct telephone surveys lasting at least 15 min with each relative were then conducted to reveal
their medical history of SAPHO syndrome or other autoimmune disorders (233 relatives from a queue of 354 patients completed this
survey). For some influent telephone users, such as some elderly and little children, the medical history was reported by other relatives
who were familiar with their condition. The telephone survey was conducted by two physicians (LC, SYM) of this study with a question
list in supplement material 1. The questions were mostly the same for each relative, except some specific questions regarding different
clinical symptoms, laboratory tests, medications, and therapeutic effects of different diseases. All subjects agreed to participate in a
telephone survey and completed all the questions by telephone.

After the telephone survey, all of the relevant first-degree relatives who reported a possible diagnosis of SAPHO syndrome were
asked to visit our clinic, where they received a comprehensive evaluation, including clinical symptom assessment, laboratory workup,
and imaging. All relatives received detailed examinations of computerized tomography scan, magnetic resonance imaging and **™Tc-
MDP bone scintigraphy for the osteoarticular evaluation. All patients and relatives with SAPHO syndrome were followed up regularly
at least twice a year. For those relatives only reporting other concurrent autoimmune diseases, those who lived in Beijing were also
asked to visit our outpatient clinic for a detailed evaluation. Providing an electronic version certificate of diagnosis from a local
qualified tertiary hospital was also accepted for those relatives living in other cities. Otherwise, the autoimmune disease reported
would not be counted (Fig. 1).

This study did not restrict the investigated autoimmune diseases to a specific list; instead, the patients and their relatives were
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encouraged to report any related or unrelated diseases they suffered. Since PPP and PV are cutaneous presentations of SAPHO syn-
drome, these two diseases were not regarded as comorbidities of SAPHO syndrome patients. PPP and PV were only considered as
distinct chronic inflammatory diseases for those relatives who were not diagnosed with SAPHO syndrome.

To compare the disease prevalence in our study to that of the general Chinese population, we searched the available epidemiologic
data on Chinese and East-Asian people. Because these groups are ethnically and socioeconomically comparable, the data from East-
Asian populations served as an acceptable representation for the Chinese people. However, some diseases lacked reliable preva-
lence data from Chinese or Asian populations; for these, the data of Caucasian populations were referenced.

2.3. Statistical analysis

Descriptive data are expressed as the proportion (%) for categorical variables and the mean (SD) for continuous variables. A
Student’s t-test and chi-square test (or Fisher’s exact test) were used for continuous and categorical variables, respectively. Com-
parisons with the general population were made using the one-sample z-test. Relative risk (RR) was calculated as the prevalence of
each autoimmune disease among SAPHO syndrome patients or their relatives, divided by the prevalence of each autoimmune disease
in the general population; 95 % confidence intervals (CI) were also calculated. All tests were two-sided, and a p-value of less than 0.05
was considered to indicate a statistically significant difference. All recorded data were analyzed using SPSS statistics software version
22.

3. Results
3.1. Demographic characteristics

A total of 233 SAPHO syndrome patients and 1227 first-degree relatives of these patients, including 466 parents, 512 siblings, and
249 children, were included in the analysis. All subjects were Chinese. The mean age of these patients was 43.2 years old (SD: 12.0
years, range: 10-70 years), and the female/male ratio of the patients was 2.1:1 (Table 1).

3.2. Familial aggregation of SAPHO syndrome

Six (2.6 %) patients had a positive SAPHO syndrome family history. All 12 patients in these families were female; there were four
mother-daughter pairs and two sister pairs. This phenomenon indicates a possible familial aggregation among female patients
(Fig. 2A-F).

The clinical characteristics of the SAPHO syndrome patients with a positive family history illustrate the heterogeneity of this
disease. Five families had PPP as a cutaneous manifestation, whereas two patients in pedigree E had no skin lesions. The skin man-
ifestations showed a relatively stable inheritance pattern (Table 2).

In contrast, the bone lesion sites varied even among afflicted subjects within the same pedigree. Except for pedigree D, all the
pedigrees had different bone lesion sites for the proband compared with their affected first-degree relative. Among these 12 patients,
the anterior chest wall (including the sternum, clavicle, and rib) was still the most commonly affected site, except for subject E-1I-4.
Seven patients showed lesions in the spine (including the vertebrae and sacroiliac joint). Two patients, subjects E-II-6 and F-II-7, had
peripheral joints involved (i.e., shoulder joint and metatarsophalangeal joint). Subject B-II-5 reported involvement of the mandible
(Table 2).

233 patients were enrolled, 1227
relatives were reported

|

Direct phone survey to each

relative
6 relatives of 6 patients reported 73 relatives of 60 patients reported
possible SAPHO syndrome possible autoimmune diseases

l 1

6 relatives came to our outpatient 14 came to outpatient 54 provided 5 had an inappropriate
clinic for a detailed evaluation clinic for evaluation certificates of diagnosis diagnosis

l | I

6 relatives diagnosed with SAPHO A confirmed diagnosis of
syndrome 68 relatives

Fig. 1. Schematic of patient enrollment.
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Table 1
Autoimmune diseases in SAPHO patients and their first-degree relatives.

Characteristics Patient Relatives Prevalence, %
Number RR (95 % CI) Parent Sibling Child Total RR (95 % CI)

Total N 233 / 466 512 249 1227 /

Female sex 68.2 % / 50 % 48.8 % 49.3 % 49.2 % /

Disease, n (%)

SAPHO 233 (100) NA 1(0.21) 2 (0.39) 3(1.20)  6(0.49) NA NA

PPP 185 (79.40) / 7 (1.50) 5 (0.98) 2(0.80) 14(1.14)  9.81(5.83-16.51) 0.12 [24]

SA 33 (14.16) / 0 (0.00) 0 (0.00) 1(0.40) 1 (0.08) 0.18 (0.03-1.30) 0.45 [25]

Psoriasis 29 (12.44) / 10 (2.15) 11(2.15) 0(0.00) 21 (1.71) 6.46 (3.68-11.34) 0.27 [18]

RA 12 (5.15) 18.14 (9.41-34.98) 11 (2.36)  2(0.39) 1(0.40) 14(1.14) 4.02(2.14-7.56) 0.28 [18]

SS 2 (0.86) 19.96 (4.86-81.92) 1(0.21) 2(0.39) 0(0.00)  3(0.24) 5.69 (1.77-18.30) 0.043 [20]

Vitiligo 2 (0.86) 1.54 (0.38-6.19) 5(1.07) 0 (0.00) 0 (0.00) 5(0.41) 0.73 (0.30-1.79) 0.56 [21]

SLE 1 (0.43) 15.10 (1.58-144.64) 0 (0.00) 1 (0.20) 0 (0.00) 1 (0.08) 2.87 (0.30-27.55) 0.03 [18]

AIT 4(1.72) 0.36 (0.14-0.95) 0 (0.00) 1 (0.20) 0(0.00) 1 (0.08) 0.02 (0.00-0.12) 4.80 [22]

Scleroderma 1(0.43) 45.29 (2.84-721.91) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) NA 0.01 [18]

ucC 4(1.72) 343.35 (92.78-1270.58) 2 (0.43) 0 (0.00) 0(0.00) 2(0.16) 32.60 (6.33-167.87)  0.005 [19]

MCTD 0 (0.00) NA 2 (0.43) 0 (0.00) 0(0.00) 2(0.16) NA NA

DM 0 (0.00) NA 2(0.43) 0 (0.00) 1 (0.40) 3(0.24) 11.11 (3.33-37.08) 0.022 [18]

AS 0 (0.00) NA 1(0.21) 1 (0.20) 0 (0.00) 2 (0.16) 0.98 (0.24-3.94) 0.167 [27]

ReA 0 (0.00) NA 1(0.21) 2 (0.39) 0(0.00)  3(0.24) NA NA

NMO 0 (0.00) NA 1(0.21) 0 (0.00) 0(0.00) 1 (0.08) 9.70 (1.21-77.48) 0.008 [26]

AIHA 0 (0.00) NA 1(0.21) 0 (0.00) 0 (0.00) 1 (0.08) NA NA

Any, except SAPHO® 21 (9.01)" NA 43(9.23) 20(391) 5(2.01) 68(5.52) NA NA

PPP: Palmoplantar pustulosis; SA: Severe acne; RA: Rheumatoid arthritis; SS: Sjogren’s syndrome; SLE: Systemic lupus erythematosus; AIT: Auto-
immune thyroiditis; UC: ulcerative colitis; MTCD: Mixed connective tissue disease; DM: Dermatomyositis; AS: Ankylosing spondylitis; ReA: Reactive

arthritis; NMO: Neuromyelitis optical; AIHA: Autoimmune hemolytic anemia; NA: Not acquired.

@ Patients with two or more autoimmune diseases (except SAPHO) are not counted repeatedly, each person is only counted once.

b PPP, SA, and PV are considered cutaneous manifestations of SAPHO rather than concomitant diseases for patients with SAPHO syndrome, so

patients who only suffer from one or more diseases in PPP, SA, PV are not included.
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Fig. 2. Pedigree of six SAPHO patients. Solid symbols denote affected individuals, and arrows point to the probands in each pedigree. Gray

symbols denote individuals with other autoimmune disorders.
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Table 2

Detailed clinical characteristics of SAPHO patients with a positive family history.
Patient” Kinship Gender Onset age Cutaneous manifestation Bone disease locations Complication of autoimmune diseases
A-11-4 Proband Female 46 PPP ACW + Spine NA
A-1-2 Mother Female 69 PPP ACW NA
B-II-5 Proband Female 30 PPP ACW + Spine + Mandible NA
B-111-4 Daughter Female 10 PPP ACW NA
C-1-2 Proband Female 57 PPP ACW + Spine NA
C-II-2 Daughter Female 35 PPP ACW NA
D-II-3 Proband Female 63 PPP ACW + Spine NA
D-III-2 Daughter Female 35 PPP ACW + Spine NA
E-II-6 Proband Female 54 NA ACW + Periphral bone Vitiligo
E-1I-4 Sister Female 55 NA Spine NA
F-1I-6 Proband Female 56 PPP ACW NA
F-1I-7 Sister Female 50 PPP ACW + Spine + Periphral bone NA

ACW: anterior chest wall; PPP: Palmoplantar pustulosis; NA: Not acquired.
& Number of patients referred to in the pedigree shown in Fig. 2.

3.3. Concomitant autoimmune diseases among SAPHO patients

The cutaneous symptoms of the 233 SAPHO syndrome patients included PPP (n = 185, 79.40 %), SA (n = 33, 14.16 %), and PV (n
= 29, 12.44 %). No other neutrophilic dermatosis was reported, including hidradenitis suppurative, pyoderma gangrenosum, and
Sweet’s syndrome. (Table 1).

A total of 21 (9.0 %) patients presented at least one kind of autoimmune disease; there were 12 with rheumatoid arthritis (RA), 2
with Sjogren’s syndrome (SS), 2 with vitiligo, 4 with autoimmune thyroiditis (AIT), 1 with systemic lupus erythematosus (SLE), 1 with
scleroderma, and 4 with ulcerative colitis (UC). Five patients had more than one diagnosed autoimmune disorder: two had
concomitant RA and SS, two had concurrent RA and AIT, and one had SLE and AIT. The prevalence of most of these diseases was higher
than that of the general population, particularly that of RA (5.15 % vs. 0.28 %, p = 0.001; RR: 18.14, 95%CI: 9.41-34.98) and UC (1.72
% vs. 0.005 %, p = 0.046; RR: 343.35, 95%CI: 92.78-1270.58) [18,19]. The prevalence of SS, vitiligo, SLE, and scleroderma each
trended slightly higher than that of the general population but was not significantly different: 0.86 % vs. 0.043 % (p = 0.180), 0.86 %
vs. 0.56 % (p = 0.623), 0.43 % vs. 0.03 % (p = 0.353), and 0.43 % vs. 0.01 % (p = 0.330), respectively. AIT was relatively rare among
SAPHO patients compared with the general population (1.72 % vs. 4.80 %) [18,20-22] (Table 1).

Among patients with a positive family history of SAPHO syndrome, subject E-II-6 reported coexisting vitiligo. An unaffected family
member in the same pedigree, E-I-2, reported a history of RA (Table 2).

Even though most autoimmune diseases predominantly affect females [23], the prevalence of autoimmune diseases did not
significantly differ between the men and women in our cohort (9.3 % of male subjects vs. 8.9 % of female subjects, p = 0.871).

3.4. Other autoimmune diseases among first-degree relatives of SAPHO patients

A total of 58 (24.9 %) SAPHO syndrome patients had 68 (5.5 %) first-degree relatives who suffered from at least one autoimmune
disorder, including 43 (9.2 %) parents, 20 (3.9 %) siblings, and 5 (2.0 %) children (Table 1).

For the first-degree relatives not diagnosed as SAPHO syndrome patients, PPP and PV were classified as independent autoimmune
disorders rather than as manifestations of SAPHO. Fourteen (1.14 %) and 21 (1.71 %) subjects had PPP and PV, respectively. Another
14 (1.14 %) relatives reported a history of RA. These rates are all significantly higher than those of the general population (p = 0.001,
RR = 9.81, 95%CI: 5.83-16.51 for PPP; p < 0.001, RR = 6.46, 95%CI: 3.68-11.34 for PV; p = 0.005, RR = 4.02, 95%CI: 2.14-7.56 for
RA) [18,24]. Only one boy reported SA [25]. Other autoimmune disorders were also reported in these subjects; UC, SS, vitiligo, and
SLE occurred among two, three, five, and one family, respectively. There were no cases of scleroderma reported in these subjects, and
only one relative reported AIT. Sporadic cases of several new autoimmune diseases, including mixed connective tissue disease, der-
matomyositis, ankylosing spondylitis, reactive arthritis, neuromyelitis optical, and autoimmune hemolytic anemia, were also reported,
and most had a slightly higher prevalence than the reference value for the general population [18,26,27] (Table 1).

Because the risk of an autoimmune disease is increased in relatives of patients with some autoimmune diseases [28], we also
examined this potential connection in our study. The results show that whether a first-degree relative had an autoimmune disease was
unrelated to sex (p = 0.387), but it was linked to whether the SAPHO syndrome patient had an autoimmune disease (p = 0.021).

4. Discussion

Our analysis of the clinical data of 233 SAPHO syndrome patients and 1227 of their first-degree relatives revealed that 2.6 % of
SAPHO syndrome patients had a positive family history, suggesting a potential genetic component in the pathogenesis of SAPHO
syndrome. This study also uncovered a higher prevalence of autoimmune disorders among 9.0 % of SAPHO patients and 5.5 % of their
first-degree relatives. This study is the first to evaluate the family aggregation of SAPHO syndrome in a large cohort.

Autoimmune diseases can occur when the immune response is unbalanced. Genetic factors are known to modify the immune
response. Multiple environmental factors have also been suggested to involve with the pathogenesis of autoimmune diseases. Few
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extensive cohort studies have focused on the family inheritance of SAPHO. In one cohort of 89 Caucasian non-bacterial osteitis (NBO)
patients, at least two family members were affected with NBO in 6 % of the families, and autoimmune diseases were reported in 40 % of
the families, potentially indicating a genetic basis for NBO [14]. These two rates are higher than the related ones from the present
work, possibly due to the small sample size (only 39 SAPHO (CRMO) patients were included) and different inclusion criteria of their
study. Furthermore, even though NBO and SAPHO syndrome shares similar clinical features, the previous study may not represent the
full genetic picture of SAPHO syndrome. Additionally, because the diagnosis of NBO mainly focuses on bone lesions, patients with skin
manifestations, such as PPP and PV, were regarded as having independent autoimmune diseases in the NBO study and were counted in
the 40 %; this may have led to a higher positive rate for coexisting autoimmune disorders. Another study of 45 CRMO patients also
reported a higher prevalence of chronic inflammatory diseases among first- and second-degree relatives [15].

Together with the results of previous work, our findings point to a potential familial aggregation of SAPHO syndrome. However,
our data analysis suggests that the inheritance pattern is not simply monogenic dominant or recessive. The present Chinese cohort
study observed an apparent familial aggregation among female patients; the most commonly observed family relationships were
mother-daughter pairs and sister pairs. Notably, male patients have also been reported to be involved in the inheritance of SAPHO
syndrome, although some cases lacked sufficient osteoarticular evaluation [7,9,10]. Thus, a recruitment bias may exist in this study.
Both in this study and previous reports, the clinical presentations, especially regarding bone lesions, showed heterogeneity even within
the same pedigree, [8,10,11]. Additionally, PPP was the cutaneous manifestation of 5 families in this cohort, while SA and PV have also
been reported in other published cases [7-9]. The variety of presenting factors, including patients of either sex, different family re-
lationships within clusters, and diverse bone and skin manifestations, indicates that SAPHO syndrome is heterogeneous and its genetic
influences are likely complex. Moreover, the co-aggregation of SAPHO syndrome and certain other autoimmune diseases suggests the
potential for overlapping pathogenesis that deserves further elucidation. The high prevalence of autoimmune diseases among SAPHO
syndrome patients and their families could indicate a genetic background of a disordered immune system in these individuals; if so, this
may also indicate that immunological aspects contribute to the pathogenesis of SAPHO syndrome [4].

Marzano et al.’s study showed that comprehensive hidradenitis suppurativa is a polygenic autoimmune inflammatory disease, and
the association between different variants and different types and clinical manifestations was determined through the whole-exome
sequencing method. This provides important clues for diagnosis and research [29]. Similarly, the genetic associations of SAPHO
syndrome have also been studied at the molecular level. In mouse models with nonsynonymous homozygous mutations in the PSTPIP2
gene, some mice developed characteristics similar to those of CRMO [30]. However, mutations of PSTPIP2 may not be specific, as they
were not found more frequently in SAPHO syndrome patients when compared with healthy controls [10,14]. Several single nucleotide
polymorphisms (SNPs) were found to be associated with the susceptibility of SAPHO syndrome patients. Three SNP sites, including
rs10889677 and rs2201841 of interleukin (IL)-23 R and rs2243248 of IL-4, showed a significant correlation with the occurrence of
SAPHO syndrome in a Chinese population [31]. Significant increases in the frequencies of Mdm2 SNP T309G and p53 SNP G72C were
found in patients with SAPHO syndrome, but not in individuals with psoriasis or psoriatic arthritis, which indicates that SAPHO
syndrome may be linked to an imbalance between MDM2 and p53 regulation [32]. Another study on Chinese patients concluded that
people who carry the risk allele T of rs6908425 in CDKAL1 might be more prone to developing SAPHO [33]. Moreover, SAPHO
syndrome shares some similar presentations with Majeed syndrome, a disease proven to be an autosomal-recessive disorder caused by
an LPIN2 mutation. However, no clear association between LPIN2 and SAPHO syndrome has been detected [10,34]. Future studies
may use genome-wide association data from a large cohort to detect additional predisposition genes, which may shed light on the
pathogenesis of SAPHO. Moreover, different autoimmune diseases may share overlapping genetic susceptibility loci and a large
proportion of their genetic background. Some loci mentioned above (i.e., rs10889677 and rs2201841 of IL-23 R, rs2243248 of IL-4,
and of CDKAL1) were also reported to be associated with other autoimmune disorders, such as IBD, AS, RA, PV, gout, alopecia areata,
and multiple sclerosis [35-42]. The presence of these loci may also imply overlapping pathogenesis between SAPHO syndrome and
other autoimmune diseases. It also supports the optimistic hypothesis that ‘one cure for many diseases’ may be possible [43].

The two major cutaneous manifestations of SAPHO syndrome, PPP and PV, occurred at a greater rate than expected in the first-
degree relatives of SAPHO patients. PPP is the most common skin lesion of SAPHO syndrome, accounting for 60 % of all dermato-
logic manifestations [2]. PV represents up to one-third of all skin involvement, and it is frequently seen in combination with other
lesions [3]. Since PPP and PV are in the spectrum of SAPHO syndrome, some relatives may be in a kind of forms with incomplete
penetration of SAPHO. However, for some patients with no osteoarticular lesions, PPP or PV alone could not lead to a confirmed
diagnosis of SAPHO syndrome. Thus, PPP and PV were considered as distinct diseases. Familial aggregation for PV was previously
reported, and approximately 40 % of individuals with psoriasis or psoriatic arthritis had a family history of the disease [44]. Variations
in the IL19, IL.20, [L.24, and CARD14 genes may influence the risk for both PPP and PV [45,46]. However, mutations of these loci were
not detected in SAPHO syndrome patients.

The presenting coexisting autoimmune diseases were heterogeneous. Notably, RA appeared more prevalent among our subjects,
and all these patients met the 2010 ACR/EULAR classification criteria for RA. There was also a previous report on the coexistence of RA
and SAPHO syndrome [47]. Specific neutrophilic dermatosis, such as rheumatoid neutrophilic dermatitis (RND) and palisading
neutrophilic granulomatous dermatitis (PNGD), are known skin manifestations of RA [48]. However, neutrophilic dermatosis is also a
common skin manifestation of SAPHO syndrome. On the other hand, since SAPHO syndrome and RA share similar clinical pre-
sentations, some SAPHO syndrome patients, especially those with lesions in the peripheral joints, may be misdiagnosed as RA.
Importantly, the positive rates of rheumatoid factor (RF) and anti-citrullinated protein antibody (ACPA) are relatively low in SAPHO
syndrome patients, so these markers may be a useful clue for differential diagnosis [49,50].

Our study had some limitations. First, the study was a retrospective study, and data collection was based on patients’ self-reports,
which can cause information bias. However, we applied various methods to gather and verify information to minimize the recall and
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data-missing bias. Second, since not all the first-degree relatives were asked to our clinic, their autoimmune conditions could not be
fully confirmed. We addressed this by conducting a detailed telephone survey, followed by direct outpatient clinic or providing
certificate of diagnosis from a local qualified tertiary hospital to verify the diagnosis. Third, even though this study was already the
largest cohort examining familial aggregations and coexisting autoimmune diseases for SAPHO syndrome, recruitment bias may still
exist. Future studies with more cases enrolled are still needed. Last, some of the referenced prevalence rates of autoimmune diseases
may not represent the true prevalence in Chinese population due to variations in age, races, and other confounding factors.
5. Conclusions

This study is the first evaluation of a family aggregation of SAPHO syndrome in a large cohort. It shows that 2.6 % of all SAPHO
patients have a positive family history, highlighting a potential familial aggregation for this disease. The prevalence rates of coexisting
autoimmune diseases among SAPHO syndrome patients and their first-degree relatives were high, especially for RA, PPP, and PV.
These results could help alert physicians to the potential of additional inflammatory diseases in SAPHO syndrome patients and inform
the potential screening of family members.
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