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Psoriasis is a multifactorial chronic inflammatory di-
sease. Monogenic psoriasis has been described recently, 
including dominantly inherited plaque and genera-
lized pustular types, related to activating mutations 
in the CARD14 gene. We describe here a family with 
CARD14-related psoriasis, exhibiting an extreme varia-
bility of clinical presentation (from mild plaque-type to 
generalized pustular psoriasis) and early disease onset. 
The affected family members harboured the c.349G>A 
[p.Gly117Ser] mutation in CARD14, which has not pre-
viously been linked to pustular psoriatic phenotype. 
Furthermore, most severely affected individuals car-
ried 3 additional CARD14 coding region polymorphisms 
(rs2066964, rs34367357 and rs11652075), suggesting 
their possible effect on disease expression. Early-onset 
psoriasis co-segregated with the HLA-C*0602, indica-
ting that HLA-C*0602 could potentially modulate the 
time of disease onset. In summary, this paper describes 
a family with CARD14-related psoriasis and discusses 
the possible influence of the specific haplotypes on intra-
familial variation in the clinical phenotype of the disease. 
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Psoriasis is a chronic multifactorial inflammatory disease 
involving the skin, nails and joints (1). Along with the 
most common plaque-type psoriasis, other clinical forms 
of the disease are known, such as guttate, pustular and 
palmoplantar types (2).

PSORS 1 (psoriasis susceptibility locus 1), the most 
well-studied locus conferring susceptibility to psoriasis, 
resides within the major histocompatibility complex 
(MHC) locus (3). Detailed PSORS 1 analysis revealed 
that Cw6 (the allelic variant of HLA-C) confers the risk 
to develop psoriasis; however, no specific gene causing 
psoriasis was found in that region (4). 

Recently, monogenic forms of psoriasis have been 
described, including dominantly inherited plaque-type 
and generalized pustular psoriasis, related to activa-
ting mutations in the CARD14 gene (5). Furthermore, 
pustular phenotypes of recessive inheritance have been 
linked to mutations in IL36RN and IL1RN genes (6, 7).

We describe here a family with multiple cases of 
presumably dominantly inherited psoriasis, exhibiting 
an extreme variability of clinical presentation (from 
mild plaque-type to generalized pustular psoriasis) 
and early disease onset. The aim of the study was to 
analyse relevant candidate genes (CARD14, IL36RN 
and IL1RN), previously reported to be associated with 
psoriasis/generalized pustular eruption of Mendelian 
transmission, in the affected family members and to 
propose possible mechanisms for the intra-familial 
phenotype variability.

METHODS
We ascertained a non-consanguineous Jewish family of Yeme-
nite-Ashkenazi origin, including parents and their 4 children. 
Candidate gene sequencing of the exons, exon intron junctions, 
5’ untranslated regions (UTRs) and 3’ UTRs of the CARD14, 
IL36RN and IL1RN genes was initially performed on genomic 
DNA of the most severely affected individual (IV-1). Mutation 
was found only in CARD14 and, therefore, subsequently, other 
family members were screened for the CARD14 c.349G>A 
[p.Gly117Ser] mutation and the 3 coding region polymor-
phisms found in IV-1, including (c.1641G>C [p.Arg547Ser], 
c.1753G>A [Val585Ile] and c.2458C>T [p.Arg820Trp]). HLA-
C allele analysis was performed to all 6 individuals examined. 
(For details see Appendix S11 and Table SI1). 

RESULTS

Clinical features

The investigated kindred included 2 parents (1 with 
psoriasis), and 4 siblings (3 with psoriasis) (Fig. 1). The 
father, patient III-2, had mild and stable plaque-type 
psoriasis involving the knees and elbows.
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The most severely affected patients were siblings 
IV-1 and IV-3. Patient IV-1 presented at the age of 5 
months with extensive plaque-type psoriasis (up to 
erythroderma). His sister, patient IV-3 presented at 
the age of 8 years with mild plaque-type disease that 
followed upper respiratory tract infection, but 1 month 
later she developed generalized pustular psoriasis with 
protracted clinical course. (For details see Table SII1). 

The youngest sibling, patient IV-4, was diagnosed 
with mild plaque-type psoriasis on his knees for the first 
time during this study, at the age of 5 years, 

Candidate gene analysis

Family tree analysis suggested autosomal dominant 
inheritance with incomplete penetrance and variable 
expressivity. Sequencing of the CARD14 gene revealed 
patients III-2, IV-2, IV-3 and IV-4, and IV-1 to harbour 
the c.349G>A [p.Gly117Ser] mutation as well as 3 
additional coding region polymorphisms (Fig. S11). 
The coding regions of IL36RN and IL1RN genes were 
also screened for mutations, and were found negative.

HLA-C analysis

Since early-onset and severe psoriasis have been reported 
to be associated with HLA C*0602 (Cw6) (8–10), HLA-
C typing was performed (Fig. S11). Patients III-2, IV-1, 
IV-3, IV-4 were positive for a single HLA-C*0602 allele. 

DISCUSSION

The protein product of the CARD14 gene has been 
shown to activate nuclear factor kappa B (NF-kB) 
signalling pathway in the epidermis (11, 12).

Activating mutations in CARD14 have 
been associated with plaque-type and 
pustular psoriasis (5); however, the parti-
cular c.349G>A [p.Gly117Ser] mutation 
has not previously been linked to pustular 
psoriatic phenotype. The aforementioned 
mutation has been studied extensively in 
a large family of European ancestry, and 
has been associated with plaque-type pso-
riasis accompanied by psoriatic arthritis in 
30% of cases. Great variability in disease 
severity and age of onset was observed 
among the family members (5). 

In the family described here no cases 
with psoriatic arthritis were identified, 
possibly reflecting the small number of 
patients examined. 

Remarkably, in our family, pustular phenotype was 
observed for the first time in a patient harbouring the 
c.349G>A [p.Gly117Ser] mutation (patient VI-3). Thus, 
plaque-type and pustular psoriasis could represent the 
clinical spectrum of the CARD14-related disease, proba-
bly reflecting the combined effect of an individual muta-
tion, genetic background and/or environmental factors. 

Case IV-2, the 14-year-old girl carrying the aforemen-
tioned mutation, was healthy, suggesting incomplete 
penetrance of the disease or its possible delayed onset. 
Both have been previously reported in patients with 
CARD14 mutations (5, 13). The absence of disease in 
this girl might be related to: (i) the fact that she does not 
carry maternally inherited CARD14 haplotype shared 
by all the other affected individuals on the second al-
lele of this gene, or (ii) the fact that she does not have 
HLA-C*0602 or (iii) both.

In our case, beside the c.349G>A [p.Gly117Ser] 
mutation, 3 additional coding region polymorphisms 
(rs2066964 [c.1641G>C; p.Arg547Ser], rs34367357 
[c.1753G>A; p.Val585Ile] and rs11652075 [c.2458C>T; 
p.Arg820Trp]) were identified in the most severely af-
fected individuals IV-3 and IV-1, suggesting their pos-
sible role in disease severity. The same haplotype was 
also identified in individual IV-4, a 5-year-old boy with 
minimal plaque-type disease. At present it is unclear 
whether his phenotype is not fully developed because 
of his young age or whether additional unidentified 
factors are required to develop severe disease. 

Three aforementioned polymorphisms represent pre-
viously reported common missense variants, conferring 
the risk of psoriasis in a number of cohorts examined (5, 
14). Functional studies revealed rs2066964 [c.1641G>C; 
p.Arg547Ser] to have no significant effect on NF-kB 
pathway in vitro, possibly because of its location outside 

Fig. 1. The spectrum of clinical phenotypes of CARD14-
related psoriasis: from Von Zumbush to minimal plaque-
type disease. (A–B: patient IV-3; C: patient IV-1; D: 
patient III-2; E: patient IV-4).
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of the CARD and coiled-coil domains directly required 
for NF-kB activation (12). The function of the other 2 
polymorphisms was not examined (5). Furthermore, 
since none of the polymorphisms was examined for its 
ability to activate NF-kB in the presence of c.349G>A 
[p.Gly117Ser] mutation, it is unknown whether they 
could modulate CARD14 activity in this setup.

HLA-C*0602 (HLA-Cw6), the allelic variant of HLA-
C, has been previously reported to be associated with 
severe and early-onset psoriasis (8–10). Recently the 
existence of this association has been questioned, since 
HLA*06 was found to be equally associated with mild 
and severe psoriasis in a large cohort of patients with 
psoriasis. The combination of a particular set of risk con-
ferring alleles in genes related to the interleukin (IL)-23 
and the NF-κB pathways with HLA-C*06 positivity was 
restricted to severe psoriasis, suggesting possible interac-
tion of these loci (15). Furthermore, the risk conferring 
single-nucleotide polymorphisms (SNP), unique to chro-
mosomes bearing HLA-C*0602, has been found to reside 
within the NF-kB binding site of the HLA-C enhancer, 
suggesting possible impact on HLA-C expression (16). 
Possible interaction between HLA-C*0602 and CARD14 
has also been proposed, in which CARD14 would affect 
signalling downstream of antigen stimulation (5). 

In the family studied here, the HLA-C*0602, the 
c.349G>A [p.Gly117Ser] mutation and, possibly, the 
disease-predisposing haplotype on the second allele 
of the CARD14 gene, were present in all affected indi-
viduals and accompanied early-onset psoriasis (mean 
age <10 years). Interestingly, the same c.349G>A 
[p.Gly117Ser] mutation in CARD14, described in 
the multiplex family of European origin, was not ac-
companied by HLA-C*0602, and was associated with 
later appearance of psoriasis (mean age 18 years) (17), 
suggesting that the presence of the HLA-C*0602 could 
modify the age of disease onset.

The current study is limited by the small number 
of patients and the lack of study of functional expres-
sion addressing the impact of CARD14 polymor-
phisms, when present together with the c.349G>A 
[p.Gly117Ser] mutation, on CARD14 protein activity 
and turnover. It is also possible that additional, presently 
unidentified, factors play a role in the final expression 
of the CARD14-related psoriatic phenotype.

ACKNOWLEDGEMENT
Professor Katzenebogen foundation Grant, Tel-Aviv University, 
2012–2013.

The authors declare no conflicts of interest. 

REFERENCES

1. Christophers, E. Psoriasis – epidemiology and clinical 
spectrum. Clin Exp Dermatol 2001; 26: 314–320.

2. Goldsmith LA, Katz SI, Gilchrest BA, Paller AS, Leffell, 
DJ Wolff K. Fitzpatrick’s dermatology in General Medicine. 
Columbus, OH: McGraw-Hill Education; 2012.

3. Trembath RC, Clough RL, Rosbotham JL, Jones AB, Camp 
RD, Frodsham A, et al. Identification of a major suscepti-
bility locus on chromosome 6p and evidence for further 
disease loci revealed by a two stage genome-wide search 
in psoriasis. Hum Mol Genet 1997; 6: 813–820.

4. Nair RP, Stuart PE, Nistor I, Hiremagalore R, Chia NV, 
Jenisch S, et al. Sequence and haplotype analysis supports 
HLA-C as the psoriasis susceptibility 1 gene. Am J Hum 
Genet 2006; 78: 827–851.

5. Jordan CT, Cao L, Roberson ED, Duan S, Helms CA, Nair 
RP, et al. Rare and common variants in CARD14, encoding 
an epidermal regulator of NF-kappaB, in psoriasis. Am J 
Hum Genet 2012; 90: 796–808.

6. Marrakchi S, Guigue P, Renshaw BR, Puel A, Pei XY, Frai-
tag S, et al. Interleukin-36-receptor antagonist deficiency 
and generalized pustular psoriasis. N Engl J Med 2011; 
365: 620–628.

7. Aksentijevich I, Masters SL, Ferguson PJ, Dancey P, Fren-
kel J, van Royen-Kerkhoff A, et al. An autoinflammatory 
disease with deficiency of the interleukin-1-receptor anta-
gonist. N Engl J Med 2009; 360: 2426–2437.

8. Henseler T, Christophers E. Psoriasis of early and late onset: 
characterization of two types of psoriasis vulgaris. J Am 
Acad Dermatol 1985; 13: 450–456.

9. Mallon E, Newson R, Bunker CB. HLA-Cw6 and the gene-
tic predisposition to psoriasis: a meta-analysis of published 
serologic studies. J Invest Dermatol 1999; 113: 693–695.

10. Gudjonsson JE, Karason A, Antonsdottir AA, Runarsdottir 
EH, Gulcher JR, Stefansson K, Valdimarsson H. HLA-Cw6-
positive and HLA-Cw6-negative patients with psoriasis 
vulgaris have distinct clinical features. J Invest Dermatol 
2002; 118: 362–365.

11. Scudiero I, Zotti T, Ferravante A, Vessichelli M, Vito P, 
Stilo R. Alternative splicing of CARMA2/CARD14 trans-
cripts generates protein variants with differential effect on 
NF-kappaB activation and endoplasmic reticulum stress-
induced cell death. J Cell Physiol 2011; 226: 3121–3131.

12. Bertin J, Wang L, Guo Y, Jacobson MD, Poyet J, Sriniva-
sula SM, et al. CARD11 and CARD14 are novel caspase 
recruitment domain (CARD)/membrane-associated guany-
late kinase (MAGUK) family members that interact with 
BCL10 and activate NF-kappa B. J Biol Chem 2001; 276: 
11877–11882.

13. Jordan CT, Cao L, Roberson ED, Pierson KC, Yang CF, 
Joyce CE, et al. PSORS2 is due to mutations in CARD14. 
Am J Hum Genet 2012; 90: 784–795.

14. Gonzalez-Lara L, Coto-Segura P, Penedo A, Eiris N, Diaz 
M, Santos-Juanes J. SNP rs11652075 in the CARD14 gene 
as a risk factor for psoriasis (PSORS2) in a Spanish cohort. 
DNA Cell Biol 2013; 32: 601–604.

15. Nikamo P, Lysell J, Stahle M. Association with genetic va-
riants in the IL-23 and NF-kappaB pathways discriminates 
between mild and severe psoriasis skin disease. J Invest 
Dermatol 2015; 135: 1969–1976.

16. Clop A, Bertoni A, Spain SL, Simpson MA, Pullabhatla V, 
Tonda R, et al. An in-depth characterization of the major 
psoriasis susceptibility locus identifies candidate suscepti-
bility alleles within an HLA-C enhancer element. PLoS 
One 2013; 8: e71690.

17. Tomfohrde J, Silverman A, Barnes RFernandez-Vina MA, 
Young M, Lory D, et al. Gene for familial psoriasis suscepti-
bility mapped to the distal end of human chromosome 17q. 
Science 1994; 264: 1141–1145.

Acta Derm Venereol 96


