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Background: CARDI4-associated papulosquamous eruption (CAPE) is a spectrum of disease exhibited by patients with CARDI4
mutations, which are rare and have a wide variety of clinical manifestations. Patients usually have limited response to traditional therapies.
Methods: We retrospectively analyzed a case series of 8 patients with CAPE in China. Whole-exome sequencing (WES) was
performed in all patients to identify the mutation type. Three patients received the treatment of secukinumab with a 52-week follow-up
period. They achieved 84.6%, 76.9%, and 68.8% improvement in PASI score, respectively.

Results: The study identified three new variants in CARD14 that had not been previously reported: ¢.392 397del, ¢.391 392delinsTT,
and c.-280C>T. Three patients with different clinical manifestations showed good response to secukinumab.

Conclusion: The mutation types in CARDI4-associated papulosquamous eruption were various. IL-17A inhibitors, such as secuki-
numab, can be an alternative treatment option for pediatric patients with CAPE.
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Introduction

CARD14 is one of the genes associated with psoriasis susceptibility, and to date, more than 20 variants have been detected in
psoriasis patients.' > A gain-of-function mutation in CARDI4 can activate the NF-kB signaling pathway, resulting in increased
production of inflammatory cytokines and chemokines. This cascade promotes the recruitment and differentiation of inflamma-
tory cells, ultimately contributing to skin inflammation.? Previous studies have showed that patients with CARD/4 mutation can
present with various conditions, including psoriasis vulgaris (PV), generalized pustular psoriasis (GPP), palmoplantar pustular
psoriasis (PPP), psoriasis arthritis (PsA) and pityriasis rubra pilaris (PRP).* In 2018, the term “CARD14-associated papulosqua-
mous eruption (CAPE)” was proposed to describe this spectrum of disease.” However, patients with CARD 14 mutation typically
present with an early age of onset (primarily before 1 year of age), prominent facial involvement (cheeks, chin and ears), a frequent
family history of psoriasis or PRP, and a limited response to conventional topical and systemic therapies. These characteristics
distinguish them from patients with more common forms of psoriasis and acquired PRP.® Given the rarity of these diseases and the
challenges in treatment, there is a need for further exploration of effective treatment methods. In this study, we report on eight
pediatric patients of CAPE from our department and observed the effects of secukinumab in three of these patients over 52 weeks.

Materials and Methods

Patients
This retrospective study included eight patients who were clinically and genetically diagnosed with CAPE by two expert
genetic dermatologists at the Department of Dermatology, Beijing Children’s Hospital. We used the Psoriasis Area and
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Severity Index (PASI) score to assess the severity of the lesions. Three patients were treated with secukinumab and were
followed up at week 0, week 12, week 24, and week 52, respectively, to evaluate the therapeutic efficacy and adverse
reactions of the treatment.

Histopathology
For histopathology analysis, biopsies from affected skin were fixed with 4% formaldehyde overnight, then dehydrated
and embedded in paraffin. The tissue sections were stained with hematoxylin and eosin following standard procedures.

DNA Extraction, Sequencing, and Bioinformatic Analysis

Approximately 2 mL peripheral blood (EDTA anticoagulant) was collected from the proband and her parents, and
genomic DNA was extracted using QIAamp Blood Midi Kit (QIAGEN, Germany) according to the instructions. For one
patient with linear erythematous scales, DNA with extracted from both peripheral blood and the lesion. An Illumina
Novaseq 6000 sequencer (Illumina, San Diego, CA, USA)/DNBSEQ (DNBSEQ-T7) (MGI, Shenzhen, China) was used
with 150 bp paired-end reads. After sequencing, the raw data were saved in FASTQ format. Quality control (QC) filters
were applied to remove reads with low quality. Then, the clean reads were assembled and spliced using the second-
generation sequencing analysis platform provided by MyGenostics and the coverage and sequencing quality of the target
region were evaluated. Finally, flash analysis platform was used to analyze the pathogenicity of variation, and the
possible variation loci were determined. The pathogenicity of variation loci was also analyzed according to ACMG
(American College of Medical Genetics and Genomics) genetic variation classification criteria and guidelines. An
ABI3730xl sequencer (Applied Biosystems, USA) was used to apply the Sanger sequencing method, and the results
were compared to the capture sequencing results.

Results
The clinical characteristics of eight patients with CAPE were exhibited in Table 1.

Among the 8 patients, 62.5% (5/8) are male and 37.5% (3/8) are female. The median age of onset is 18.5 months. One
patient (patient 2) has a family history and five members of her family, including her mother, maternal uncle, great-
grandmother, great-aunt, and her cousin, had similar conditions. In terms of clinical manifestations, among the 8 patients,
75% (6/8) presented with red plaques covered with scales (P1-P6), 12.5% (1/8) presented with erythroderma (P7), and
12.5% (1/8) presented with linear erythema distributed along the Blaschko lines (P8). In addition, 62.5% (5/8) of the
patients presented with palmoplantar keratoderma (P3, P4, P6, P7, P8), 37.5% (3/8) had follicular papules (P1, P2, P4),
and 37.5% (3/8) had ectropionization (P3, P5, P7). 75% (6/8) of the patients experienced itching to varying degrees. Skin
biopsies were performed on 87.5% (7/8) patients. Histopathologically, 57.1% (4/7) of the patients showed fused
parakeratosis of epidermis, 14.3% (1/7) had focal parakeratosis, and 28.6% (2/7) had alternating parakeratosis and
hyperkeratosis, which is the typical manifestation of pityriasis rubra pilaris. All patients had perivascular infiltration of
lymphocytes and histiocytes in the superficial dermis. The clinical and pathological images of patient 1, 2, and 4 are
shown in Figures 1-3, those of patient 6 in Figure 4a and b, and those of patient 7 in Figure 5a and b.

Peripheral blood whole exon sequencing (WES) was performed in all patients and seven gain-of-function variants
were detected: CARDI4 ¢.412G>A, ¢.392 397del, ¢.391 392delinsTT, ¢.-280C>T, ¢.356T>C, ¢.355A>G, and c.349
+2T>C. Patients 1-7 all had germline mutations. A somatic mutation of CARD[4 was detected in patient 8 with a variant
allele load of 24% in affected skin and 4% in blood because of the symmetrical erythematous plaques with scales
following the lines of Blaschko.

Eight patients used different treatment methods, and the treatment effects varied. Patient 1 did not receive any
medication treatment and only used emollients, which showed mild relief in a short period. Patient 2 and Patient 5
refused systemic treatment, and topical glucocorticoids showed no significant efficacy. Patient 3 was treated with acitretin
at a dosage of 0.3mg/kg/d. After 16 weeks, both the lesions and pruritus improved, with the PASI score decreasing from
22.2 to 10.5. However, at subsequent follow-up visits, there was no further improvement in the lesions. Patient 4 was also
treated with acitretin at a dosage of 0.4mg/kg/d. After 14 weeks of treatment, there was improvement in the lesions on
face, limbs and trunk, although the palmoplantar keratoderma remained unchanged. Patients 6—8 ultimately received
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Table | Clinical Characteristics of 8 Patients with CAPE
Case | Mutation Mutation | Gender/Age Age of Family Main Clinical Features Pruritus | Prior PASIs | Treatment of Secukinumab
Type (Month)/ Onset History Treatment Core
Weight (kg) (Month)
| c.412G>A (p. Germline M/6/8 4 None Well-demarcated scaly Yes None 1.4 -
E138K) erythema, follicular
papules
2 c.392_397del (p. Germline M/9/10 3 5 family Scaly red patches, follicular | Yes Topical 7 -
Al31_l132del) members | papules glucocorticoids
3 c.391_392delinsTT | Germline F/25/16 17 None Diffuse red papules, Yes Topical 22.2 -
ectropionization, PPK glucocorticoids
Acitretin
4 c.-280C>T Germline M/61/25.5 60 None Well-demarcated scaly No Acitretin 3.6 -
erythema, follicular
papules, PPK
5 c.356T>C (p. Germline F/56/15 20 None Diffuse red papules, Yes Topical 13.2 -
MI19T) ectropionization glucocorticoids
6 c.355A>G (p. Germline M/58/23 46 None Scattered scaly plaques, No Topical 5.2 75mg on weeks 0, I, 2, 3 and 4,
MI19V) PPK glucocorticoids followed by 75 mg every four
weeks
7 c.349+2T>C Germline M/45/19 21 None Erythroderma, Yes Topical 35.5 150mg on day 0, 10, 20, 30 and
(splicing) ectropionization, PPK glucocorticoids followed by |50mg every 4 weeks
8 c412G>A (p. Somatic F/78/18 2 None Linear scaly plaques, PPK Yes Topical 253 75mg on weeks 0, I, 2, 3 and 4,
E138K) glucocorticoids followed by 75 mg every 4 weeks
Acitretin
Adalimumab
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Figure | Well-demarcated thin scaly erythema on lower limbs of patient | (a). Psoriasiform epidermal hyperplasia with fused parakeratosis and scattered lymphocyte
infiltration in the superficial dermis (b).

a

Figure 2 Red plaques distributed on lower limbs of patient 2 (a). Psoriasiform epidermal hyperplasia with fused parakeratosis and a slight infiltration of lymphocytes around
small vessels in the superficial dermis (b).

Figure 3 Follicular papules around the eyes and mouth, trunk, and well-demarcated scaly erythema on elbows of patient 4 (a and b). Alternating hyperkeratosis and
parakeratosis and a slight infiltration of lymphocytes around small vessels in the superficial dermis (c).

Figure 4 Well-demarcated erythematous on the knees of patient 6 (a). Psoriasiform epidermal hyperplasia with fused parakeratosis and a slight infiltration of lymphocytes in
the superficial dermis (b). Significant improvement after the treatment of secukinumab for 12 weeks (c).

treatment with secukinumab. Patients 6 and 8 received secukinumab treatment according to the standard protocol for
moderate-to-severe psoriasis. For Patient 7, who presented with extensive skin lesions involving 100% of the body
surface area, we deviated from conventional dosing based on prior clinical experience indicating that such patients are

6600 https: Journal of Inflammation Research 2025:18



Zhao et al

Figure 5 Diffuse erythema on the back of patient 7 (a). Acanthosis with fused parakeratosis, normal granular layer, and keratin plug in hair follicle (b). A marked resolution
was observed after the treatment of secukinumab for 6 months (c).

challenging to treat and often require higher doses. To achieve rapid inflammatory control, we administered 150 mg of
secukinumab. However, to balance therapeutic efficacy with safety considerations, the intensive dosing interval was
extended to 10 days. Patient 6 was treated with secukinumab, receiving a dosage of 75mg on weeks 0, 1, 2, 3, and 4,
followed by 75 mg every four weeks. Significant improvement was observed after 12 weeks (Figure 4c). The lesions
showed persistent improvement throughout the 52-week treatment period with a PASI score from 5.2 to 0.8 and BSA
from 15% to 1% although a mild recurrence occurred at 24 weeks due to an upper respiratory tract infection. Patient 7
was treated with secukinumab, starting with an initial dose of 150mg on days 0, 10, 20, and 30, followed by 150mg every
four weeks. Initially, the skin lesions worsened after four weeks of treatment. However, a marked resolution of lesions
and reduction in itching were observed after 24 weeks (Figure 5c). The lesions continued to show persistent improvement
throughout the 52-week treatment period with a PASI from 35.5 to 8.2 and BSA from 100% to 65%. Patient 8 is a case
we reported previously.” She received treatment with topical medications and acitretin, but no therapeutic effect was
observed. Then, the treatment was switched to adalimumab for three months, which only led to mild improvement.
However, he demonstrated a positive response to the treatment of secukinumab over the 52-week period with a PASI
from 25.3 to 7.9 and BSA from 65% to 43%. The changes of PASI scores following secukinumab treatment in 3 patients

were presented in Figure 6.

Changes in PASI score after secukinumab treatment

-@- Patient 6
- Patient7
—A— Patient 8

PASI Score

4 12 24 52
Week

Figure 6 The severity changes of the disease in three patients with the treatment of secukinumab.
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Discussion

CAPE was proposed in 2018 to describe the spectrum of disease exhibited by patients with CARD 14 mutations, which display
characteristics of both psoriasis and PRP. The shared characteristic features of CAPE include early age of onset; prominent
involvement of the cheeks, chin, and ears; family history of psoriasis or PRP; minimal response to conventional topical and
systemic psoriasis therapies; and improvement with ustekinumab.’ CARDI4, located on 17g25, encodes the protein cysteine
protease recruitment domain family-14 (also known as the caspase recruitment domain and membrane-associated guanylate
kinase-like protein 2, or CARMA?), primarily expressed in keratinocytes.® CARD14 mutation can activate nuclear factor-kB
(NF-kB) signaling pathway, leading to the recruitment and differentiation of inflammatory cells.” Previous studies have
revealed that the skin hyperplasia and inflammation observed in CARDI4%"3%4* mice closely resemble human psoriasis at
clinical, historical, and transcriptomic levels. Increased expression of critical cytokines, such as IL-17a, IL-23, IL-17c, TNF-a
and IL-22, suggests that treatments targeting these cytokines could be effective.'?

In this study, we aimed to characterize eight pediatric patients with CARD 14 mutation. Six patients experienced onset
of symptoms at or before one year of age, while the other two at ages of three and five years. These patients presented
with psoriasiform and pityriasis rubra pilaris-like manifestations, such as scaly erythema, follicular papules and
palmoplantar keratoderma (PPK). Additionally, we observed that three patients (P3, P5, P7) exhibited ectropionization,
a clinical manifestation that has been less frequently reported. A patient with erythroderma has previously been reported
to exhibit ectropionization,'' and we suggested that chronic and severe inflammatory stimulation may reduce eyelid
tissue elasticity and induce scar contracture. These changes could alter eyelid positioning, ultimately leading to ectropion.
In addition to the above clinical manifestations, we found that a recent study reported a case of a Taiwanese female
patient carrying the CARD14 ¢.349 +5G > A mutation, who developed multiple cutaneous malignancies following PUVA
and etanercept therapy. This suggests that phototherapy, immunosuppression, and mutation-related NF-kB pathway
abnormalities may synergistically promote carcinogenesis.'?

We identified three CARD14 variants that had not been previously reported: ¢.392 397del, ¢.391 392delinsTT, and c.-
280C>T. The mutation of ¢.392 397del in patient 2 could lead to changes in protein length and was not found in the normal
population. Notably, six family members had a history of similar disease, suggesting that this variant is likely pathogenic. The
mutation of c.-280C >T in patient 4 suggested that CARDI4 mutation in the intron region may also cause disease. The
mutation is located in the promoter region (c.-280C>T), which may affect transcription factor binding or promoter activity,
thereby regulating CARD 14 expression. This mutation has not been observed in population databases, and the patient’s clinical
manifestations align with CAPE, suggesting a genotype-phenotype correlation. Based on the above evidence, we suppose that
this mutation may be pathogenic. Meanwhile, the mutation of ¢.349+2T>C has in patient 7 suggested that splicing alteration
may cause severe erythroderma. The pathogenic mechanism of ¢.349+2T>C may involve both splicing alterations and
functional domain disruption. Prior studies indicate that ¢.349+1G>A (intron 3 splice donor site) and the adjacent ¢.349G>A
mutation induce aberrant exon 3 splicing, directly impairing critical functional domains in psoriasis and GPP.>* We propose
that ¢.349+2T>C similarly disrupts key domains via analogous splicing defects, thereby driving pathogenesis.

Recent studies on pathogenesis of CAPE have shown that IL-12/23 inhibitors, such as ustekinumab and risankizumab, can
be effective treatments.”'*'* However, such patients require individualized drug administration. For example, higher dosages
of ustekinumab (ranging from 0.75mg to 2 mg/kg) or reduced intervals between administrations (from every 12 weeks to
every 8 weeks) have been necessary to achieve complete or near-complete resolution of the dermatosis.>*'*'® Risankizumab
is an IL-23 blocker. Recent studies have shown that two pediatric CAPE patients were successfully treated with risankizumab.
However, while some patients experienced rapid initial improvement with risankizumab, most struggled to sustain efficacy
over time, potentially requiring higher doses, shorter treatment intervals, or even switching to other biologic therapies.'’

The efficacy of anti-IL-17 treatments, particularly in pediatric patients, has been less extensively studied. To date,
a total of ten patients have been treated with IL-17 inhibitors (including three from our study), with seven cases reported
in previous literatures (Table 2)."""'72° Among these seven patients, six presented with psoriasis-like scaly plaques, one
with GPP, one with PRP-like pink-orange scaly plaques, and two with erythroderma. Eight of these patients reported
pruritus. Following the treatment with IL-17A inhibitors (five pediatric patients receiving secukinumab, two adult
patients receiving ixekizumab and three adult patients receiving bimekizumab, an IL-17A/F inhibitor), there was
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Table 2 Summary of the Patients with CAPE Treated with IL-17A Inhibitors in Previous Studies

2024

months

Ref/Year Pat. | Mutation Gender/ Age of Prior Treatment IL-17A Initial | Outcome Follow-Up
Age(year)/ | Onset Inhibitors Dose
Weight(kg) | (Month)

Chessa, Marco | c.349G>A M/9/- | |. Corticosteroids Secukinumab | 75mg Achieving PASI 90 at -
A et al'® 2023 2. Emollients 12 weeks

3. Cyclosporine
Dai, Shangzhi 2 c.353T>G M/5/25 12 I. Oral retinoids Secukinumab | 150mg | Marked resolution after PASI 90 reached at week 40
etal'' 2023 2. Topical agents 2 weeks
Y. Sawabe et al'’ 3 c.526G>C M/70/- - |. Topical corticosteroid | Ixekizumab - Almost free from the Well-controlled with 10 mg of
2023 Combined with and salicylic acid eruption oral etretinate after

IL36RN c.115 2. Prednisolone discontinuation of ixekizumab
+6T>C 3. Secukinumab

4. Infliximab

5. Adalimumab
Klein, Benjamin 4 c.467T>C M/30/- Early |. Topical Ixekizumab - A reduction in PASI of 90% Remained stable during
et al*® 2022 childhood glucocorticosteroids and complete abrogation of 24 weeks of follow-up

2. Methotrexate itch after 8 weeks

3. Phototherapy

4. Acitretin
Rossel SV] et al'” 5 c.407A>C F/50y/- 4 I. Risankizumab Bimekizumab | 320mg | Achieving PASI 75 at 5 Discontinued due to recurrent
2024 months candidiasis
Rossel SV] et al'’ 6 c.407A>C M/ 7yl- <6 I. Risankizumab Bimekizumab | 320mg | Achieving PASI 89 at 5 -
2024 months
Rossel SV] et al'’ 7 c.349+1G>A F/70y/- 24 I. Risankizumab Bimekizumab | 320mg | Achieving PASI 62 at 4 -
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significant improvement in skin lesions, and pruritus was alleviated or resolved. Although one patient was treated with
secukinumab during treatment and eventually improved with ixekizumab,'? this may have been due to the sudden
discontinuation of oral prednisone at the same time as the addition of secukinumab.

Our findings suggest that IL-17A inhibitors can be effective for this disease, addressing multiple clinical manifestations
associated with CARDI4 mutations and improving both skin lesions and itch in patients. Therefore, IL-17A inhibitors,
particularly secukinumab, represent a promising treatment option for these patients, especially those with low body weight.
Based on our experience, patients can be treated with secukinumab at a dosage of 75mg on weeks 0, 1, 2, 3, and 4, followed
by 75mg every four weeks, or with 150mg on days 0, 10, 20, 30, followed by 150mg every four weeks.

Conclusion

Our study identifies 4 new variants in CARDI/4 and demonstrates the potential efficacy of IL-17 inhibitors, such as
secukinumab, as an alternative treatment option for pediatric patients with CAPE. These findings provide valuable insight
into both the clinical spectrum of the disease and possible therapeutic approaches. We hope that our experience with this
group of patients will help identify and successfully treat affected individuals, while expanding our understanding of the
range of clinical features associated with CAPE.
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