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Abstract: SAPHO (synovitis, acne, pustulosis, hyperostosis, and osteitis) syndrome is a rare disease clinically characterized by 
a wide range of cutaneous and osteoarticular manifestations. Here, we report a case of SAPHO syndrome with cutis verticis 
gyrata (CVG) and investigated the genetic causes in the four members of this pedigree. After failure of conventional treatments, 
a recombinant human TNF-α receptor II:IgG Fc fusion protein (rhTNFR:Fc, YISAIPU®) achieved good control of the disease at 
the 2-year follow-up. We did not identify any pathogenic mutation in this pedigree. We also summarized the clinical and 
therapeutic characteristics of 83 patients with SAPHO syndrome through the China National Knowledge Infrastructure (CKNI) 
database from 2016 to 2021. Patients with acne were young and predominantly male. About 45.8% patients were treated with 
biological therapies or traditional Chinese medicine (TCM), 84.2% of which showed positive effects against cutaneous and 
osteoarticular manifestations. We report a case of SAPHO syndrome with CVG that was successfully treated with rhTNFR:Fc. 
Our results reveal the genetic heterogeneity involved. Biologics and TCM are likely alternative options for the treatment of 
SAPHO syndrome. 
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Introduction
SAPHO (synovitis, acne, pustulosis, hyperostosis, and osteitis) syndrome is a rare disease first described by Chamot et al 
in 1987.1 The prevalence of SAPHO syndrome is thought to be less than 1 in 10,000 in Caucasians.2 The most commonly 
affected area of osteoarticular manifestations is the anterior chest wall (ACW) (mainly the sternum, clavicles, and 
sternocostoclavicular joints), followed by the axial skeleton (including the spine and sacroiliac joints) and the 
extremities.3 The most frequent skin manifestations of SAPHO syndrome are palmoplantar pustulosis (PPP) and severe 
acne.4 Currently, the exact etiopathogenesis of SAPHO syndrome remains unclear, but genetic susceptibility is under-
stood to be one of its various etiologies owing to familial clustering.5 The commonly used diagnostic criterion of SAPHO 
syndrome was proposed by Kahn and Khan in 1994.2

Cutis verticis gyrata (CVG) is a rare benign condition of the scalp with dermal thickening that induces rigid folds and 
furrows resembling the cerebral cortex.6 CVG is classified into primary and secondary forms; secondary CVG is related 
to various causes including inflammatory, neoplastic, and metabolic conditions.7

In this study, we described a case of SAPHO syndrome with CVG in a young Chinese male patient that was 
successfully treated with a tumor necrosis factor (TNF)-α antagonist at the 2-year follow-up.
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Case Report
A 16-year-old Chinese male patient presented to the Department of Dermatology of our hospital in June 2019, 
complaining of painful inflammatory abscesses on the face and swelling on both knees. The patient had a history of 
relapsing facial acne since 2017. Seven months before admission, both of his lower limbs had purpura, which was 
diagnosed as Henoch–Schönlein purpura. He was treated with methylprednisolone and cyclosporin A in the local 
hospital, with no recurrence after remission. Then, he showed a gradual worsening of acne that manifested as acne 
conglobata. At the same time, both of his knees began to feel swollen, leading to limited activities. Physical examination 
on admission revealed numerous papules, pustules, cysts, draining sinus tracts, and hypertrophic scars on the face, part of 
which coalesced into plaques (Figure 1A). There was CVG on his head (Figure 1B). There was also swelling and 
tenderness on both knees (Figure 1C). The floating patella test was positive. Skin thickening, roughness, and pigmenta-
tion were observed on both legs. Clubbing fingers were not identified. His parents and sister were all normal (Figure 1D).

Laboratory assays revealed elevated erythrocyte sedimentation rate (49 mm/h) and high-sensitivity C-reactive protein 
(26.40 mg/L). Rheumatoid factor, anti-streptolysin O, anti-cyclic citrullinated peptide antibody, human leukocyte antigen 
B27, antinuclear antibody, and parathyroid hormone were all negative. Cytochemical analysis of the synovial fluid was 
normal. Radiographic imaging of the lower extremities showed a low-density plaque with a sclerotic margin on the right 
distal tibia (Figure 2A). The magnetic resonance imaging (MRI) scans of the knee demonstrated a posterior horn tear on 
the medial meniscus (II°), injury on the medial collateral ligament, injury on the lateral and medial retinacula, 
suprapatellar bursa and joint effusion, and circumferential soft tissue edema on the right knee (Figure 2B). Whole- 
body bone scintigraphy revealed a diffuse, slightly increased uptake in the limb bones (Figure 2C).

Figure 1 Acne conglobata (A), cutis verticis gyrata (CVG) (B), and knee arthritis (C) before treatment. (D) The pedigree gram of SAPHO family.
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We did not identify any pathogenic mutation by whole-exome sequencing (WES) of this pedigree (one affected and three 
unaffected individuals). We also identified eight possible pathogenic genes in this pedigree, namely NCSTN, PSEN1, PSEN2, 
PSENEN, PSTPIP2, PSTPIP1, NLRP3, and SLCO2A1, by Sanger sequencing. No pathogenic mutation was found either.

The association of acne conglobata, osteitis, and arthritis suggested the diagnosis of SAPHO syndrome, which was in 
accordance with the diagnostic criteria proposed by Kahn in 2003.4 During the first 3 weeks, the patient was treated with 
ornidazole (50 mg, QD); azithromycin (50 mg, QD); minocycline (100 mg, QD); isotretinoin (20 mg, QD); red-blue light 
therapy, and boric acid wet dressing. The lesions on the face showed visible improvement, but CVG, knee swelling, and disability 
were not significantly relieved. Thus, a recombinant human TNF-α receptor II:IgG Fc fusion protein (rhTNFR:Fc, YISAIPU®) 
was administered at a dose of 25 mg twice weekly since July 2019, resulting in a gradual remission of the facial acne, knee 
swelling, and limited activities. Isotretinoin and rhTNFR:Fc were used until December 2020. At present, his maintenance therapy 
drugs are nonsteroidal anti-inflammatory drugs (NSAIDs) and glucosamine sulfate. A 2-year follow-up showed no relapse of 
acne and remarkable improvement of joint pain, and his CVG was also improved (Figure 3).

Discussion
In our patient with SAPHO syndrome, acne had preceded the onset of knee arthritis, and it gradually worsened to acne 
conglobata. When conventional treatments failed to control the cutaneous and osteoarticular symptoms, our patient 
experienced great clinical improvement with rhTNFR:Fc administration at the 2-year follow-up. rhTNFR:Fc is an 
etanercept biosimilar to TNF-α antagonist and has been widely used in clinical practice in China for 15 years.8

Primary CVG usually has no known associated disorders, while secondary CVG typically has a defined cause such as 
inflammatory dermatoses, endocrine disorders, neoplastic diseases, or trauma. Several reports have found the links 
between acne and CVG,9–11 but to the best of our knowledge, the association between SAPHO syndrome and CVG has 
not yet been reported. We presumed that our case of SAPHO syndrome had acne conglobata, which probably led to 
his CVG.

To date, the precise etiopathogenesis of SAPHO syndrome remains unknown. Several studies have attempted to search 
for the genetic factors of SAPHO syndrome, but many of them failed to find pathogenic mutations in patients.5,12–15 

Recently, an NCSTN gene mutation was identified in a patient with SAPHO syndrome and hidradenitis suppurativa,16 which 
provided the possible molecular linkage between SAPHO syndrome and mutations in gamma-secretase subunits. Besides, 
early reports found that PSTPIP2-deficient mouse models can present with SAPHO syndrome-like phenotype.17–19 In 
addition, pyogenic arthritis, pyoderma gangrenosum, and acne (PAPA) syndrome; pyoderma gangrenosum, acne, hidrade-
nitis suppurativa, and spondyloarthritis (PASS) syndrome; and pachydermoperiostosis (PDP) are all rare diseases with acne 
and osteoarticular involvement. Therefore, the candidate genes chosen to perform Sanger sequencing were the genes of the 

Figure 2 (A) Radiographic imaging showed a low-density plaque with a sclerotic margin on the right distal tibia (arrow). (B) MRI demonstrated suprapatellar bursa and joint 
effusion, and circumferential soft tissue edema on the right knee (arrow). (C) Whole-body bone scintigraphy revealed increased radioactivity in the limb bones.
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gamma-secretase subunits (NCSTN, PSEN1, PSEN2, and PSENEN);20 PSTPIP2, PAPA-related gene (PSTPIP1);21 PASS- 
related gene (NLRP3);22 and PDP-related gene (SLCO2A1).23 Unfortunately, we did not identify any pathogenic mutations in 
this pedigree by WES or Sanger sequencing. Thus, our results reveal the genetic heterogeneity of SAPHO syndrome and the 
etiology of our case may be related to other factors such as immune dysfunction.

Furthermore, we searched the China National Knowledge Infrastructure (CKNI) database and reviewed Chinese 
publications of case reports or case series from January 1, 2016 to February 28, 2021. Our literature review found a total 
of 55 papers and 85 patients with SAPHO syndrome and cutaneous manifestations. There were only two patients with 
psoriasis pustulosa who were excluded. The remaining 83 patients were divided into three groups: 13 with acne, 59 with 
PPP, and 11 with more than one kind of skin lesion. Patients with acne were young and predominantly male (p<0.001), 
while patients with PPP were predominantly female. About 45.8% of the patients (n=38) were treated with biological 
therapies or traditional Chinese medicine (TCM), 84.2% (n=32) of which showed positive effects against cutaneous and 
osteoarticular manifestations. Further, 8.4% patients (n=7) chose TCM as their only therapy for maintenance treatment, 
and 85.7% (n=6) showed a significant improvement of all symptoms. Antibiotics were used mostly for patients with acne 
(p=0.005), while bisphosphonates were used mostly for patients with PPP (p=0.011). Patients with acne were most likely 
to achieve better results than other groups (p=0.028). No significant difference was observed in other variables in the 
three groups (Table 1).

Our review showed that patients with SAPHO syndrome affected by acne were young and predominantly male. This 
result is similar to the cohort studies conducted by Chamot and Li et al1,24 Because of the rarity of SAPHO syndrome, the 
treatment is challenging, and no consensus has yet been reached.25 Conventional treatments include various drugs such as 
NSAIDs, antibiotics, corticosteroids, disease-modifying anti-rheumatic drugs, and bisphosphonates. Moreover, the use of 
biologics has been proven to be a valid alternative for unresponsive cases.26 Nearly half of the cases in our review were 
treated with biologics or TCM, and part of them chose TCM as their only therapy, resulting in good outcome, which 
means that biologics and TCM might be alternative options for the treatment of SAPHO syndrome. The limitation of our 
study is that our review-based findings need to be confirmed in more databases.

Figure 3 Acne conglobata and knee arthritis after recombinant human TNF-α receptor II:IgG Fc fusion protein (rhTNFR:Fc) treatment: (A and F) 4 months 
(November 2019); (B and G) 10 months (May 2020); (C and H) 13 months (August 2020); (D and I) 21 months (April 2021). Cutis verticis gyrata (CVG) before (E) 
and after (J) rhTNFR:Fc treatment.
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In conclusion, we reported a case of SAPHO syndrome with CVG in a young Chinese male patient that was 
successfully treated with rhTNFR:Fc, and our results showed genetic heterogeneity as a cause for the disease. 
Biologics and TCM can be considered as alternative options for the treatment of SAPHO syndrome.
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