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Case Report: Identification of a CARD8 variant in all three patients with PFAPA syndrome complicated with Kawasaki disease
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Background: Periodic fever, aphthous stomatitis, pharyngitis, and cervical adenitis (PFAPA syndrome), and Kawasaki disease (KD) are both considered to be disorders of the innate immune system, and the potential role of inflammasome activation in the immunopathogenesis of both diseases has been previously described.



Case presentation: Herein, we report the clinical courses of three patients who presented a rare combination of PFAPA syndrome and KD. Two patients who presented KD later developed the PFAPA syndrome, of whom one developed recurrent KD 2 years after the initial diagnosis. The third patient developed KD one year after the onset of PFAPA syndrome. The presence of both of these conditions within individual patients, combined with the knowledge that inflammasome activation is involved in both PFAPA syndrome and KD, suggests a shared background of inflammatory dysregulation. To elucidate the mechanism underlying shared inflammatory dysregulation, we investigated the roles of Nod-like receptors (NLRs) and their downstream inflammasome-related genes. All the patients had a frameshift variant in CARD8 (CARD8-FS). A previous study demonstrated a higher frequency of CARD8-FS, whose product loses CARD8 activity and activates the NLRP3 inflammasome, in patients with the PFAPA syndrome. Additionally, the NLRP3 inflammasome is known to be activated in patients with KD. Together, these results suggest that the CARD8-FS variant may also be essential in KD pathogenesis. As such, we analyzed the CARD8 variants among patients with KD. However, we found no difference in the variant frequency between patients with KD and the general Japanese population.



Conclusions: We report the clinical courses of three patients with a rare combination of PFAPA syndrome and KD. All the patients had the CARD8-FS variant. However, we could not find a difference in the variant frequency between patients with KD and the general Japanese population. As the frequency of KD is much higher than that of PFAPA among Japanese patients, and the cause of KD is multifactorial, it is possible that only a small portion of patients with KD harbor CARD8-FS as a causative gene.
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Introduction

Periodic fever, aphthous stomatitis, pharyngitis, and cervical adenitis (PFAPA) syndrome is the most common recurrent self-limiting fever affecting young children, with sufferers being asymptomatic in the intervals between flares (1). Marshall first reported PFAPA in 1987 (2), and thereafter, the Thomas criteria for diagnosis have been created and widely disseminated (3). Most patients’ symptoms resolve spontaneously before adulthood (1). PFAPA syndrome is considered an autoinflammatory disorder of unknown etiology, but a genetic basis has been assumed because of the observance of familial links and similarities to other autoinflammatory diseases (4). Kawasaki disease (KD), first reported by Tomisaku Kawasaki in 1967 (5), is an acute self-limiting systemic vasculitis of unknown etiology that presents in early childhood (5, 6). The main symptoms are fever for more than five days, rash, edema of the hands and feet, lip erythema, strawberry tongue, bilateral conjunctivitis, and cervical lymphadenopathy; the criteria for diagnosis involve the fulfillment of these symptoms (7). Genetic factors are presumed to be important in KD due to observed racial differences and family histories, such as a high incidence among siblings (6). The immune dysfunction linked with KD is thought to involve an abnormal innate immune response (6). A previous report showed a higher prevalence of KD among patients with PFAPA syndrome (8). The existence of these two conditions within a single patient suggests a possible genetic predisposition for inflammatory dysregulation. As the potential role of inflammasome activation in the immunopathogenesis of both PFAPA syndrome and KD has been previously described in the literature (9–11), in the present study, we focused on the role of Nod-like receptors (NLRs) and inflammasome-related genes in the pathogenesis of PFAPA syndrome and KD.



Case presentation

All patients discussed in this study were recruited from the Department of Pediatrics of Sendai Medical Center between January 1, 2016, and December 31, 2019. PFAPA syndrome and KD were diagnosed based on previously established diagnostic criteria (3, 7). KD was detected in three cases (8.3%) among 36 patients with PFAPA syndrome treated in this department.


Case 1

A 3-year-old boy was admitted to our hospital with a 5-day history of fever (38 °C), rash, injected conjunctiva, and red lips. The patient's medical history was unremarkable, although his maternal uncle had a history of recurring tonsillitis. No other family history of autoinflammatory disorders, autoimmune diseases, or KD was noted. Laboratory findings indicated enhanced inflammatory response. The patient was diagnosed with KD on the sixth day of fever, treated with one dose of intravenous immunoglobulin (IVIg; 2 g/kg), and initiation of oral aspirin therapy. Echocardiography revealed no cardiovascular abnormalities. One month after recovering from KD, recurrent episodes of fever associated with pharyngitis were noted. Subsequently, febrile episodes lasting 4–5 days at 39–40 °C occurred every month. Between febrile episodes, the patient was healthy and his laboratory data, including inflammatory responses, returned to normal. He was subsequently diagnosed with PFAPA syndrome, and cimetidine (20 mg/kg/day) was initiated. However, cimetidine treatment was discontinued due to the development of a skin rash that resembled erythema multiforme. He was then treated with oral prednisolone (1 mg/kg) at the onset of the fever, which resolved the fever within a few hours. When the patient was 5 years old, he took prednisolone for three consecutive days, but it was ineffective. Subsequently, his eyes became reddish, and he developed a rash on the limbs, edema of the hands and feet, and cervical lymphadenopathy. He again fulfilled the diagnostic criteria (five out of six) for KD, and was treated with IVIg and aspirin. His recurrent episodes of fever persisted even after the recurrence of KD. A series of echocardiograms revealed no cardiovascular abnormalities.



Case 2

A 1-year and 5-month-old girl was diagnosed with KD on the fourth day after presentation with persistent fever, rash, swollen cervical lymph nodes, red lips, and edema of the hands and feet. Her maternal uncle was diagnosed with PFAPA syndrome. The patient fulfilled all six criteria for KD and was treated with IVIg (2 g/kg) and oral aspirin on the fourth day. However, her fever persisted, requiring additional IVIg on the eighth day. Echocardiography revealed no cardiovascular abnormalities. Subsequently, she experienced recurrent fever each month, and was diagnosed with PFAPA syndrome. She was treated with cimetidine but showed no improvement. The fever subsided within a few hours following the administration of oral prednisolone.



Case 3

A 3-year-old boy presented with monthly fever and was diagnosed with the PFAPA syndrome. He was born prematurely at 32 weeks of gestation, with a birth weight of 1,739 g, and had periventricular leukomalacia. The patient's family history was unremarkable. At the age of four, the patient experienced persistent fever, conjunctival hyperemia, and dilatation of the left main trunk coronary artery (Z-score = 3.31). Subsequently, the patient was diagnosed with incomplete KD. We opted for oral aspirin over IVIG for treatment based on the patient's pre-existing defervescence trend at diagnosis. His fever was relieved with the therapy, and his coronary arteries spontaneously normalized. After recovering from KD, the patient began experiencing monthly fevers again. Therefore, cimetidine was initiated, and the interval between the fever episodes was gradually extended.


Identification of CARD8-Fs in all three patients

We performed whole-exome sequencing of the three patients and their parents. A heterozygous TT insertion in exon 8 of CARD8 (NM_001184900) was identified in all three patients and their mothers. This 2-bp insertion was identical to CARD8-FS, annotated as rs140826611 in the Single Nucleotide Polymorphism database (db SNP), a frameshift variant previously shown to be associated with PFAPA syndrome (Table 1) (12, 13). In addition, we identified a heterogenous missense mutation p.R32C at position rs76935241 in NLRP11 in two patients and their parents, which was absent in the third patients. We further identified the heterogeneous missense mutations, p.V1059M and p.L155H (rs2301582 and rs12150220, respectively) in NLRP1 and p.T529A (rs34804158) in NLRP2, but each was present in only one patient (Table 1). In summary, none of the variants within the genes described in the Table 1, other than CARD8, were shared among the three patients. These results suggest that the CARD8-FS variant plays an essential role in the pathogenesis of KD; thus, we analyzed CARD8-FS in 752 patients with KD. We found that the frequency of CARD8-FS among patients with KD was 13.0%, equivalent to the general Japanese population (12.9%) (14).


TABLE 1 Variants in NLR and inflammasome-related genes.
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Discussion

Herein, we report three patients who met the clinical criteria for both PFAPA syndrome and KD (2, 4). Two of these patients who presented with KD later developed PFAPA syndrome, with one developing recurrent KD 2 years after its initial diagnosis. The third patient developed KD one year after the onset of PFAPA syndrome. The co-occurrence of these two conditions within a single patient suggest a common genetic link for inflammatory dysregulation. Similar cases have been reported previously (8, 15). However, the common background of FPAPA syndrome and KD has not been analyzed.

PFAPA syndrome and KD share many common symptoms, including fever, cervical lymphadenopathy, and oral cavity mucosa redness (1, 7). The phenotypic similarities between PFAPA syndrome and KD may be partially explained by the common immunobiological processes associated with inflammasome activation. Elevated levels of sIL-1β and IL-18, the cytokine signatures associated with inflammasome activation, are found in both patients with PFAPA syndrome and KD (10, 16, 17). Additionally, KD was reported to occur in 4.7% of patients with PFAPA syndrome, which was much higher than the incidence of KD (0.02%) among children younger than 5 years of age in San Diego County, USA (8). In our study, KD occurred in three cases (8.3%) among 36 patients with PFAPA syndrome, which was significantly higher than the incidence of KD (0.36%) among Japanese children younger than five years of age (18). The difference in KD incidence between this report and the previous study can be attributed to race variations. The reported rates of KD are 10–20 cases per 100,000 for children under five years old among Caucasians, whereas it is 100–300 cases among children in East Asia (19).

In the present patients, we performed whole-exome sequencing to identify common mutations associated with PFAPA syndrome and KD. A heterozygous frameshift mutation, the 2-bp TT insertion at position rs140826611 in the CARD8 gene, was identified in all patients with PFAPA syndrome complicated by KD. A previous study demonstrated that the identical CARD8 gene variant (CARD8-FS) was significantly associated with the classical PFAPA syndrome (13). This study also showed that the frequency of CARD8-FS among patients with PFAPA syndrome (13.9%) was higher than that of healthy controls (3.2%). The minor allele frequency of CARD8-FS in the European population in the 1,000 Genomes Project was 5% (13). In previous European studies, the annual incidence of PFAPA syndrome was reported to be 2.3–2.6 cases per 10,000 children under five years old (20, 21). However, to the best of our knowledge, the incidence of PFAPA syndrome in children in East Asia, including Japan, has not been reported. To estimate the incidence of PFAPA syndrome in Japan, we inferred it from the ratio of PFAPA syndrome to KD in our hospital from January 1, 2016, to December 31, 2019. We chose a pre-pandemic period because the coronavirus disease pandemic indirectly influenced the diagnosis of both PFAPA syndrome and KD (22, 23). During this period, we diagnosed 36 patients with PFAPA syndrome and 235 patients with KD in our hospital. The average annual incidence ratio of the PFAPA syndrome to KD was 1:6.5 (our unpublished observation). Since the annual incidence of KD is 200–300 per 100,000 children under five years of age in Japan (18), that of PFAPA syndrome would be 3.1–4.6 per 10,000 children. These results indicate that the frequency of PFAPA syndrome might be higher in Japan than in Europe (20, 21).

CARD8 is a component of the NLRP3 inflammasome which negatively regulates inflammasome activation and the capacity to process IL-1β (24). The CARD8-FS variant lacks the ability to interact with NLRP3 and cannot regulate inflammasome assembly, and further cannot suppress caspase-1 cleavage (13). Excess inflammasome activation in patients with PFAPA syndrome carrying the CARD8-FS variant could be explained by the loss of the negative regulator function of CARD8 (13). In this context, it is interesting that a single-nucleotide polymorphism rs7248320 in the long non-coding RNA AC008392.1, located upstream of CARD8, is reported to be associated with KD (25). Furthermore, patients with KD carrying a polymorphism of ITPKC (rs28493229) showed increased production of active IL-1β and IL-18 related to activation of the NLRP3 inflammasome (10).

As activation of the NLRP3 inflammasome also occurs in patients with KD, we hypothesized that the CARD8-FS variant, which activates the NLRP3 inflammasome, may be a susceptibility gene for KD. Although the CARD8-FS variant has not been recognized as a susceptibility gene associated with KD, it could be an essential factor in the pathogenesis of both the PFAPA syndrome and KD. Therefore, we assessed 752 patients with KD, expecting that the frequency of CARD8-FS would be higher. However, the allele frequency of CARD8-FS was 13.0%, similar to that of the general Japanese population (12.9%) (26). As such, further studies are required to elucidate the mechanism underlying shared inflammatory dysregulation.

The present study had several limitations which should be mentioned. First, we enrolled only a small group of patients with PFAPA syndrome and KD in a limited region. Second, this was a single-center study, and the extrapolation of the frequency of patients with PFAPA syndrome deduced from the number of patients with KD therefore requires cautious interpretation.



Conclusions

In the present study, we reported three cases of a rare combination of the PFAPA syndrome and KD carrying the CARD8-FS variant. Due to a higher prevalence of KD among patients with PFAPA syndrome and inflammasome activation in both PFAPA syndrome and KD, we hypothesized that the CARD8-FS variant might play an essential role in the pathogenesis of PFAPA as well as KD. However, we could not identify a difference in the variant frequency between patients with KD and the general Japanese population. The cause of KD is multifactorial and the frequency of KD among the Japanese population is much higher than that of PFAPA syndrome. As such, only a tiny proportion of patients with KD may have CARD8-FS as a causative factor, whereas others may have different factors.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary Material.



Ethics statement

The studies involving humans were approved by The Ethics Committees of Sendai Medical Center (RIN21-23), Tohoku University Hospital (2020-1-133), and Chiba University Graduate School of Medicine (1129). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin. Written informed consent was obtained from the minor(s)' legal guardian/next of kin for the publication of any potentially identifiable images or data included in this article.



Author contributions

HN: Conceptualization, Investigation, Project administration, Resources, Writing – original draft. AK: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Software, Supervision, Writing – review & editing. HS: Resources, Writing – review & editing. MK: Resources, Writing – review & editing. YW: Resources, Writing – review & editing. RO: Resources, Writing – review & editing. JT: Data curation, Formal Analysis, Investigation, Methodology, Software, Validation, Writing – review & editing. GT: Data curation, Formal Analysis, Investigation, Methodology, Software, Validation, Writing – review & editing. YM: Formal Analysis, Methodology, Writing – review & editing. RE: Resources, Writing – review & editing. HH: Resources, Writing – review & editing. TS: Resources, Writing – review & editing. YO: Data curation, Formal Analysis, Methodology, Project administration, Supervision, Validation, Writing – review & editing. SK: Conceptualization, Investigation, Project administration, Resources, Supervision, Validation, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Feder HM, Salazar JC. A clinical review of 105 patients with PFAPA (a periodic fever syndrome). Acta Paediatr. (2010) 99(2):178–84. doi: 10.1111/j.1651-2227.2009.01554.x

2. Marshall GS, Edwards KM, Butler J, Lawton AR. Syndrome of periodic fever, pharyngitis, and aphthous stomatitis. J Pediatr. (1987) 110(1):43–6. doi: 10.1016/s0022-3476(87)80285-8

3. Thomas KT, Feder Jr HM, Lawton AR, Edwards KM. Periodic fever syndrome in children. J Pediatr. (1999) 135(1):15–21. doi: 10.1016/s0022-3476(99)70321-5

4. Ashari K A, Rezaei N. PFAPA (Periodic fever, aphthous stomatitis, pharyngitis, and adenitis) syndrome: an overview of genetic background. Clin Rheumatol. (2021) 40(11):4437–44. doi: 10.1007/s10067-021-05770-z

5. Kawasaki T. Acute febrile mucocutaneous syndrome with lymphoid involvement with specific desquamation of the fingers and toes in children. Arerugi. (1967) 16(3):178–222.6062087

6. Hara T, Nakashima Y, Sakai Y, Nishio H, Motomura Y, Yamasaki S. Kawasaki disease: a matter of innate immunity. Clin Exp Immunol. (2016) 186(2):134–43. doi: 10.1111/cei.12832

7. Ayusawa M, Sonobe T, Uemura S, Ogawa S, Nakamura Y, Kiyosawa N, et al. Revision of diagnostic guidelines for kawasaki disease (the 5th revised edition). Pediatr Int. (2005) 47(2):232–4. doi: 10.1111/j.1442-200x.2005.02033.x

8. Broderick L, Tremoulet AH, Burns JC, Bastian JF, Hoffman HM. Recurrent fever syndromes in patients after recovery from kawasaki syndrome. Pediatrics. (2011) 127(2):e489–93. doi: 10.1542/peds.2010-1218

9. Di Gioia SA, Bedoni N, von Scheven-Gête A, Vanoni F, Superti-Furga A, Hofer M, et al. Analysis of the genetic basis of periodic fever with aphthous stomatitis, pharyngitis, and cervical adenitis (PFAPA) syndrome. Sci Rep. (2015) 5:10200. doi: 10.1038/srep10200

10. Alphonse MP, Duong TT, Shumitzu C, Hoang TL, McCrindle BW, Franco A, et al. Inositol-triphosphate 3-kinase C mediates inflammasome activation and treatment response in kawasaki disease. J Immunol. (2016) 197(9):3481–9. doi: 10.4049/jimmunol.1600388

11. Wang WT, He M, Shimizu C, Croker BA, Hoffman HM, Tremoulet AH, et al. Inflammasome activation in children with kawasaki disease and multisystem inflammatory syndrome. Arterioscler Thromb Vasc Biol. (2021) 41(9):2509–11. doi: 10.1161/ATVBAHA.121.316210

12. Sherry ST, Ward MH, Kholodov M, Baker J, Phan L, Smigielski EM, et al. dbSNP: the NCBI database of genetic variation. Nucleic Acids Res. (2001) 29(1):308–11. doi: 10.1093/nar/29.1.308

13. Cheung MS, Theodoropoulou K, Lugrin J, Martinon F, Busso N, Hofer M. Periodic fever with aphthous stomatitis, pharyngitis, and cervical adenitis syndrome is associated with a CARD8 variant unable to bind the NLRP3 inflammasome. J Immunol. (2017) 198(5):2063–9. doi: 10.4049/jimmunol.1600760

14. Available online at: https://jmorp.megabank.tohoku.ac.jp/genes/22900?genome=GRCh38&srSnvindelTranscriptId=NM_001184900.3 (accessed June 30, 2022).

15. Ninomiya T, Takada H, Nagatomo Y, Nanishi E, Nagata H, Yamamura K, et al. Development of kawasaki disease in a patient with PFAPA. Pediatr Int. (2013) 55(6):801–2. doi: 10.1111/ped.12225

16. Stojanov S, Lapidus S, Chitkara P, Feder H, Salazar JC, Fleisher TA, et al. Periodic fever, aphthous stomatitis, pharyngitis, and adenitis (PFAPA) is a disorder of innate immunity and Th1 activation responsive to IL-1 blockade. Proc Natl Acad Sci U S A. (2011) 108(17):7148–53. doi: 10.1073/pnas.1103681108

17. Hoang LT, Shimizu C, Ling L, Naim AN, Khor CC, Tremoulet AH, et al. Global gene expression profiling identifies new therapeutic targets in acute kawasaki disease. Genome Med. (2014) 6(11):541. doi: 10.1186/s13073-014-0102-6

18. Ae R, Makino N, Kosami K, Kuwabara M, Matsubara Y, Nakamura Y. Epidemiology, treatments, and cardiac complications in patients with kawasaki disease: the nationwide survey in Japan, 2017–2018. J Pediatr. (2020) 225:23–29.e2. doi: 10.1016/j.jpeds.2020.05.034

19. Rowley AH, Shulman ST. The epidemiology and pathogenesis of kawasaki disease. Front Pediatr. (2018) 6:374. doi: 10.3389/fped.2018.00374

20. Ter Haar N, Lachmann H, Özen S, Woo P, Uziel Y, Modesto C, et al. Treatment of autoinflammatory diseases: results from the eurofever registry and a literature review. Ann Rheum Dis. (2013) 72(5):678–85. doi: 10.1136/annrheumdis-2011-201268

21. Rydenman K, Fjeld H, Hätting J, Berg S, Fasth A, Wekell P. Epidemiology and clinical features of PFAPA: a retrospective cohort study of 336 patients in western Sweden. Pediatr Rheumatol Online J. (2022) 20(1):82. doi: 10.1186/s12969-022-00737-z

22. Ng KF, Morgan J, Cutts T, Duncan I, Roderick M, Ramanan A, et al. Rise in children presenting with periodic fever, aphthous stomatitis, pharyngitis and adenitis syndrome during the COVID-19 pandemic. Arc Dis Child. (2021) 106(12):e49. doi: 10.1136/archdischild-2021-322792

23. Burney JA, Roberts SC, DeHaan LL, Shimizu C, Bainto EV, Newburger JW, et al. Epidemiological and clinical features of kawasaki disease during the COVID-19 pandemic in the United States. JAMA Netw Open. (2022) 5(6):e2217436. doi: 10.1001/jamanetworkopen

24. Ito S, Hara Y, Kubota T. CARD8 is a negative regulator for NLRP3 inflammasome, but mutant NLRP3 in cryopyrin-associated periodic syndromes escapes the restriction. Arthritis Res Ther. (2014) 16(1):R52. doi: 10.1186/ar4483

25. Guo K, Qiu L, Xu Y, Gu X, Zhang L, Lin K, et al. Single-nucleotide polymorphism LncRNA AC008392.1/rs7248320 in CARD8 is associated with kawasaki disease susceptibility in the Han Chinese population. Inflamm Res. (2021) 14:4809–16. doi: 10.2147/JIR.S331727

26. Kikuya M, Miyashita M, Yamanaka C, Ishikuro M, Obara T, Sato Y, et al. Protocol and research perspectives of the ToMMo child health study after the 2011 great east Japan earthquake. Tohoku J Exp Med. (2015) 236(2):123–30. doi: 10.1620/tjem.236.123



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Case Report: Identification of a CARD8 variant in all three patients with PFAPA syndrome complicated with Kawasaki disease

		Introduction



		Case presentation



		Case 1



		Case 2



		Case 3



		Identification of CARD8-Fs in all three patients



















		Discussion



		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

Case Report: Identification of a CARD8
variant in all three patients with PFAPA
syndrome complicated with Kawasaki disease









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-12-1340263-t001.jpg
rs number

AA change

MAF*

Father

Case 1

Mother

Patient

Case 2

Mother

Patient

Father

Case 3
Mother

Patient

152301582 P-V1059M | 0.0248 | Hetero Hetero

NLRP2 | 1534804158 PT529A 00656 | Hetero Hetero

NLRP2 | 1512973968 | (c2538-4G >C) | 0.0481 | Hetero Helero

NLRPII | 1576935241 pR32C 0.0600 Hetero Hetero | Hetero Hetero Helero
NLRC5 | 15371576531 Pp-V800L 0.0003 Hetero Helero

NWDI | 1511671361 pDI54IV | 0.1084 Hetero Helero
NLRPI | 1512150220 p.LISSH 00375 | Hetero Helero

NAIP | 5200427852 PE158Q 00114 Hetero | Hetero

CARDS | 15140826611 PpV148fs 01299 Hetero Helero Hetero | Hetero Helero Hetero

AA, amino acid; MAF, minor allele frequency; Hetero,

TaMMad 7K IPN

, heterozygote;

NLR, nod-like receptor.





