
Deep Dermatophytosis and Inherited CARD9 Deficiency

Fanny Lanternier, M.D.#, Saad Pathan, Ph.D.#, Quentin B. Vincent, M.D., Luyan Liu, M.Sc.,
Sophie Cypowyj, Ph.D., Carolina Prando, M.D., Ph.D., Mélanie Migaud, B.S., Lynda Taibi,
M.D., Aomar Ammar-Khodja, M.D., Omar Boudghene Stambouli, M.D., Boumediene Guellil,
M.D., Frederique Jacobs, M.D., Ph.D., Jean-Christophe Goffard, M.D., Ph.D., Kinda
Schepers, M.D., Ph.D., Véronique del Marmol, M.D., Ph.D., Lobna Boussofara, M.D.,
Mohamed Denguezli, M.D., Molka Larif, M.D., Hervé Bachelez, M.D., Ph.D., Laurence
Michel, Ph.D., Gérard Lefranc, Ph.D., Rod Hay, M.D., Ph.D., Gregory Jouvion, Ph.D.,
Fabrice Chretien, M.D., Ph.D., Sylvie Fraitag, M.D., Marie-Elisabeth Bougnoux, M.D., Ph.D.,
Merad Boudia, M.D., Laurent Abel, M.D., Ph.D.#, Olivier Lortholary, M.D., Ph.D.#, Jean-
Laurent Casanova, M.D., Ph.D.#, Capucine Picard, M.D., Ph.D.#, Bodo Grimbacher, M.D.,
Ph.D.#, and Anne Puel, Ph.D.#

Laboratory of Human Genetics of Infectious Diseases, Necker Branch, INSERM Unité 980
Necker Medical School, Imagine Institute and University Paris Descartes, Sorbonne Paris Cité
(F.L., Q.B.V., L.L., M.M., L.A., J.-L.C., C. Picard, A.P.), Infectious Diseases and Tropical Medicine
Unit (F.L., O.L.) and Pediatric Hematology-Immunology Unit (J.-L.C.), Necker–Enfants Malades
Hospital, Assistance Publique–Hôpitaux de Paris (AP-HP), and University Paris Descartes,
Dermatology Unit (H.B.) and Skin Research Institute (L.M.), INSERM Unité 697, Saint Louis
Hospital, INSERM Unité 781, Necker–Enfants Malades Hospital (H.B.), Human Histopathology
and Animal Models, Infection and Epidemiology Department (G.J., F.C.), and the National
Reference Center for Invasive Mycoses and Antifungals, Molecular Mycology Unit (O.L.), Institut
Pasteur, and the Pathology Unit (S.F.), Microbiology Unit (M.-E.B.), and Study Center for
Immunodeficiency (C. Picard), Necker–Enfants Malades Hospital, AP-HP — all in Paris;
University College London, Royal Free Hospital (S.P., B. Grimbacher) and International
Foundation for Dermatology, Willan House (R.H.), London; St. Giles Laboratory of Human
Genetics of Infectious Diseases, Rockefeller Branch, Rockefeller University, New York (S.C., C.
Prando, L.A., J.-L.C.); the Dermatology Unit, Mustapha Hospital and Faculty of Medicine, Algiers
(L.T., A.A.-K.), the Dermatology Unit, Dr. T. Damerdji Tlemcen Hospital and Aboubakr Belkaid
University, Tlemcen (O.B.S., M.B.), and the Dermatology Unit, Hassani Abdelkader Hospital, and
Faculty of Medicine, Djillali Liabes University, Sidi Bel-Abbes (B. Guellil) — all in Algeria; the
Infectious Diseases Unit (F.J., J.-C.G., K.S.) and Dermatology Unit (V.M.), Erasme Hospital,
Brussels; the Dermatology Unit, Farhat Hached Hospital, Sousse, Tunisia (L.B., M.D., M.L.); the
Molecular Immunogenetics Unit, National Center for Scientific Research, UPR 1142, Institute of
Human Genetics, and University Montpellier 2, Montpellier, France (G.L.); and the Center for
Chronic Immunodeficiency, University Hospital Freiburg, Freiburg, Germany (B. Grimbacher).

Copyright © 2013 Massachusetts Medical Society. All rights reserved.

Address reprint requests to Dr. Puel at the Laboratory of Human Genetics of Infectious Diseases, Necker Branch, INSERM Unité 980,
Necker Medical School, Imagine Institute and University Paris Descartes, Sorbonne Paris Cité, 156 rue Vaugirard, 75015 Paris,
France, or at anne.puel@inserm.fr, or to Dr. Casanova at St. Giles Laboratory of Human Genetics of Infectious Diseases, Rockefeller
Branch, Rockefeller University, New York, NY 10065-6399, or at jean-laurent.casanova@mail.rockefeller.edu..

The authors’ affiliations are listed in the Appendix.

NIH Public Access
Author Manuscript
N Engl J Med. Author manuscript; available in PMC 2014 July 07.

Published in final edited form as:
N Engl J Med. 2013 October 31; 369(18): 1704–1714. doi:10.1056/NEJMoa1208487.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



# These authors contributed equally to this work.

Abstract

BACKGROUND—Deep dermatophytosis is a severe and sometimes life-threatening fungal

infection caused by dermatophytes. It is characterized by extensive dermal and subcutaneous

tissue invasion and by frequent dissemination to the lymph nodes and, occasionally, the central

nervous system. The condition is different from common superficial dermatophyte infection and

has been reported in patients with no known immunodeficiency. Patients are mostly from North

African, consanguineous, multiplex families, which strongly suggests a mendelian genetic cause.

METHODS—We studied the clinical features of deep dermatophytosis in 17 patients with no

known immunodeficiency from eight unrelated Tunisian, Algerian, and Moroccan families.

Because CARD9 (caspase recruitment domain–containing protein 9) deficiency has been reported

in an Iranian family with invasive fungal infections, we also sequenced CARD9 in the patients.

RESULTS—Four patients died, at 28, 29, 37, and 39 years of age, with clinically active deep

dermatophytosis. No other severe infections, fungal or otherwise, were reported in the surviving

patients, who ranged in age from 37 to 75 years. The 15 Algerian and Tunisian patients, from

seven unrelated families, had a homozygous Q289X CARD9 allele, due to a founder effect. The 2

Moroccan siblings were homozygous for the R101C CARD9 allele. Both alleles are rare

deleterious variants. The familial segregation of these alleles was consistent with autosomal

recessive inheritance and complete clinical penetrance.

CONCLUSIONS—All the patients with deep dermatophytosis had autosomal recessive CARD9

deficiency. Deep dermatophytosis appears to be an important clinical manifestation of CARD9

deficiency. (Funded by Agence Nationale pour la Recherche and others.)

DEEP DERMATOPHYTOSIS IS A RARE, INVAsive, sometimes life-threatening, fungal infection caused by

dermatophytes.1 These filamentous fungi are ubiquitous and usually cause benign infections

that are limited to keratinized tissues and lead to onychomycosis, tinea corporis, tinea cruris,

tinea pedis, or tinea capitis.2 In deep dermatophytosis, dermatophytes invade the dermis and

hypodermis and disseminate to the skin, hair, nails, lymph nodes, and brain.3 Deep

dermatophytosis has been reported in patients with the human immunodeficiency virus and

patients who are receiving immunosuppressive therapy.3 It was first described in 1959 in

otherwise apparently healthy persons as “dermatophytic disease.”1 Forty-five cases have

been reported to date in persons from North Africa.1,4-11 Twenty-four of these patients were

from consanguineous families; 5 patients had sporadic disease, and 19 patients from eight

multiplex families had familial disease. The remaining 21 patients were from families not

reported to be consanguineous; 14 patients had sporadic disease and 7 had familial disease.

This strongly suggests that predisposition to idiopathic deep dermatophytosis is inherited as

an autosomal recessive trait. In addition, 18 cases of sporadic disease in patients from

nonconsanguineous families have been reported in England, Russia, Denmark, Mexico,

Brazil, the United States, and Japan.12-18

Genetic susceptibility to fungal diseases in otherwise healthy patients has gained interest in

recent years.19 In particular, various inborn errors of interleukin-17 immunity (e.g.,

autosomal recessive interleukin-17RA deficiency, autosomal dominant interleukin-17F
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deficiency, and monoallelic gain-of-function mutations in STAT1) have been reported to

underlie chronic mucocutaneous candidiasis disease.20-25 Autosomal recessive CARD9

(caspase recruitment domain– containing protein 9) deficiency has been reported in two

unrelated kindreds with candida species meningitis,26,27 chronic mucocutaneous candidiasis,

and cutaneous dermatophytosis.26 However, deep dermatophytosis has not been reported in

association with any of these disorders. We used a candidate-gene approach, including the

sequencing of CARD9, to investigate 17 patients, from eight unrelated kindreds, who had

deep dermatophytosis and no known immunodeficiency.

METHODS

Details regarding recruitment of patients, ethical considerations, selection of controls,

analysis of founder effects, Western blotting, and methods of histologic analysis are

described in the Supplementary Appendix, available with the full text of this article at

NEJM.org. This work was approved by the institutional review board, and all patients (or

their family members) provided written informed consent for participation in the study (see

the Supplementary Appendix).

MOLECULAR GENETICS

CARD9 was amplified with specific primers. Polymerase-chain-reaction (PCR)

amplification conditions and primer sequences are described in the Supplementary

Appendix.

STIMULATION OF WHOLE-BLOOD CELLS

Whole blood was diluted at a 1:2 ratio, and samples were incubated for 24 hours and 48

hours with medium alone, zymosan (5 μg per milliliter), heat-killed Candida albicans (cell

density, 106 per milliliter), heat-killed Saccharomyces cerevisiae (106 per milliliter),

lipopolysaccharide (1 ng per milliliter), and — as a positive control of activation — phorbol

12-myristate 13-acetate plus ionomycin (0.2 μg per milliliter and 2.10−4 μg per milliliter,

respectively). Interleukin-6 production was measured in the supernatants by enzyme-linked

immunosorbent assay.

MONOCYTE-DERIVED DENDRITIC CELLS

Monocyte-derived dendritic cells were prepared as previously described.28 On day 8, flow

cytometry and analysis of total protein extracts were performed.

FLOW CYTOMETRY

Antibodies against human CARD9 (Epitomics 5281) or its control isotype and an Alexa

Fluor 488–conjugated secondary goat antirabbit antibody (Epitomics 3064-1) were used

according to the manufacturers’ protocols. T cells producing interleukin-17A and

interleukin-22 were evaluated by intracellular staining, as previously described.29
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RESULTS

CASE SUMMARY

We report on 17 patients with deep dermatophytosis and no known immunodeficiency. The

patients were from eight unrelated kindreds, seven of which were known to be

consanguineous. The eight families (Fig. 1) originated from Morocco (1 family), Tunisia (2

families), and Algeria (5 families) (Table 1), and the main characteristics of the patients are

reported in Table 2. Case reports are detailed in the Supplementary Appendix. In all patients,

first symptoms appeared in childhood or early adulthood (age range, 2 to 21 years). Four

patients (Patients 1, 2, 3, and 17) had adenitis caused by dermatophyte infection, which was

diagnosed on the basis of histologic analysis or positive dermatophyte culture, and 13

patients had documented cutaneous deep dermatophytosis (Patients 1 through 5, Patients 7

through 10, and Patients 12, 15, 16, and 17). Patient 14 had extensive skin, scalp, and nail

lesions, but no histologic studies or fungal cultures could be performed. However, this

patient had two children (Patients 15 and 16) with proven deep dermatophytosis. Finally, 3

index patients (Patients 4, 10, and 12) had three sisters (Patients 6, 11, and 13, respectively)

who had had chronic onychomycosis and tinea since childhood but did not have deep

dermatophytosis per se; the sisters were nevertheless considered to be affected.

The median age of the patients at recruitment was 41 years (range, 28 to 91). Skin lesions

subsequently included extensive erythematosquamous lesions and nodular subcutaneous or

ulcerative fistulized infiltrations (Fig. 2B; and Fig. S4.1A, S4.1J through S4.1M, S4.1P,

S4.1Q, S4.1R, and S4.1T in the Supplementary Appendix). Two patients had contiguous

locoregional extension to the bone or digestive tract (Fig. 2B and 2C; and Fig. S4.1O,

S4.1U, S4.1V, and S4.1W in the Supplementary Appendix). Fifteen patients had severe

onychomycosis (Fig. S4.1B, S4.1C, and S4.1S in the Supplementary Appendix).

Manifestations of the disease in other extradermatologic locations were also observed —

lymphadenopathies in 10 patients and probable brain involvement in 1 patient (Fig. S4.1F in

the Supplementary Appendix).

Histologic examination of the skin revealed a multifocal-to-coalescing granulomatous

dermatitis. The dermatitis extended throughout the dermis, was characterized by infiltrates

of activated macrophages and epithelioid cells that can fuse to form multinucleated giant

cells, and was associated with lymphocytes, plasma cells, neutrophils, and eosinophils. In

the center of such granulomas and sometimes even in the cytoplasm of multinucleated giant

cells, pseudohyphae and irregularly branched hyaline septate hyphae can be seen (Fig. 2A,

and Fig. S4.2A and S4.2B in the Supplementary Appendix). Immunohistochemical analyses

were positive when a primary antidermatophyte monoclonal antibody was used (Fig. S4.2C

in the Supplementary Appendix), and PCR assay of a skin-biopsy specimen was positive for

Trichophyton rubrum. Histologic examination of the lymph nodes revealed granulomas

containing hyphae and necrosis in four patients (Patients 1, 2, 3, and 17). Dermatophytes

also grew from the lymph nodes of Patients 2 and 3 (T. violaceum and T. rubrum,

respectively). The only other associated infectious condition was oral candidiasis in six

patients that was confirmed by mycologic evaluation. Four patients with clinically active

deep dermatophytosis died at the ages of 28, 29, 37, and 39 years. One patient died in a
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bedridden state at the age of 91 years. None of the patients had any detectable T-cell

immunodeficiency known to confer a predisposition to severe dermatophyte infection (Table

2).

IDENTIFICATION OF HOMOZYGOUS NONSENSE OR MISSENSE CARD9 MUTATIONS

Using a candidate-gene approach, we investigated 14 of the 17 patients who had deep

dermatophytosis and for whom genetic material was available. We first sequenced CARD9

and found homozygous mutations in all 14 patients. Eight Algerian patients and 4 Tunisian

patients had a homozygous c.C865T mutation in exon 6, resulting in a premature

termination codon in position 289, Q289X (Fig. S1 in the Supplementary Appendix), in the

region encoding the coiled-coil domain of CARD9 (Fig. S2 in the Supplementary

Appendix). The 2 patients from the Moroccan kindred had a homozygous CARD9 missense

mutation, c.C301T, in exon 3, resulting in the replacement of the arginine residue in position

101 with a cysteine residue (R101C) (Fig. S1.A in the Supplementary Appendix). This

amino acid substitution is located only a few amino acids after the end of the CARD domain

(Fig. S2 in the Supplementary Appendix). Finally, all healthy members of the eight kindreds

were found to be either homozygous for the nonmutated allele or heterozygous and had no

unusual infections, fungal or otherwise.

The segregation of the two mutations in the eight kindreds was consistent with autosomal

recessive CARD9 deficiency with complete clinical penetrance. These two mutations in

patients with deep dermatophytosis were different from the Q295X mutation previously

reported in an Iranian kindred with CARD9 deficiency and the compound heterozygous

missense mutations G72S and R373P found in a Dutch girl originating from Asia.26,27 The

missense and nonsense mutations reported here were not found in any of the various public

databases searched (Human Gene Mutation Database, Ensembl, and 1000 Genomes Project)

or in our in-house whole-exome-sequencing database (>1000 exomes). We also sequenced

CARD9 in 1052 controls from the Human Genome Diversity Project–Centre d’Etude du

Polymorphisme Humain panel, as well as 138 persons from Morocco, 100 from Tunisia, and

83 from Algeria; all were found to be homozygous for nonmutated CARD9, thus decreasing

substantially the possibility that the Q289X and R101C variants were irrelevant

polymorphisms. With the use of Polymorphism Phenotyping, version 2 (PolyPhen-2),30 and

Sorting Intolerant from Tolerant (SIFT 2) software, the missense mutation was predicted in

silico to be deleterious.

FOUNDER-EFFECT ANALYSIS OF THE Q289X MUTATION

The eight Algerian patients and four Tunisian patients harbored the same previously

unknown homozygous premature termination codon (Q289X), a finding suggestive of a

founder effect. An analysis of Affymetrix 250K Nsp Array data performed for seven

Q289X/Q289X unrelated patients showed a common homozygous haplotype surrounding

CARD9 (Fig. S3 in the Supplementary Appendix). The largest common haplotype upstream

from the mutation identified in Patients 1 and 3 encompassed 1.2 megabases (corresponding

to 33 single-nucleotide polymorphisms [SNPs]). The largest common haplotype downstream

from the mutation identified in Patients 4 and 8 encompassed 1.6 megabases (29 SNPs). The

ESTIAGE program was used to estimate the age of the most recent common ancestor to 39
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generations (95% confidence interval [CI], 23 to 70). Assuming a generation time of 25

years, the most recent common ancestor of the patients therefore lived approximately 975

years ago (95% CI, 575 to 1750).

EFFECT OF CARD9 MUTATIONS ON PROTEIN LEVELS

By transfection of the various CARD9 alleles in human embryonic kidney (HEK) 293T

cells, we found that the R101C protein expression pattern, as assessed with the use of

Western blotting, was similar to nonmutant protein, unlike truncated Q289X (Fig. S5 in the

Supplementary Appendix). We also performed Western blotting on cultured monocyte-

derived dendritic cells from two patients homozygous for the Q289X mutation (Patients 15

and 17). The two controls had a 62 kDa protein corresponding to the nonmutant CARD9

protein, whereas no protein was detected in monocyte-derived dendritic cells from Patients

15 and 17, not even at a lower molecular weight (Fig. S6.1 in the Supplementary Appendix).

Flow-cytometric analysis of CARD9 levels in monocyte-derived dendritic cells from Patient

12 (R101C/R101C) showed this protein to be less abundant than in monocyte-derived

dendritic cells from a healthy control that was tested in parallel (33% of monocyte-derived

dendritic cells were CARD9-positive in Patient 12, whereas 71% were CARD9-positive in

the control); Patient 17 (Q289X/Q289X) produced no CARD9 protein at all (Fig. 3A). Thus,

in monocyte-derived dendritic cells, the Q289X allele leads to an absence of CARD9

protein, whereas the R101C allele results in much lower levels of CARD9 than normal.

EFFECT OF CARD9 MUTATIONS ON PROTEIN FUNCTION

We evaluated the functional consequence of CARD9 mutations by studying interleukin-6

production by whole-blood cells after 24 hours and after 48 hours of stimulation with

zymosan (an agonist of dectin-1 and toll-like receptor 2 [TLR2]), heat-killed Candida

albicans, heat-killed Saccharomyces cerevisiae, lipopolysaccharide (TLR4 agonist), and

phorbol 12-myristate 13-acetate plus ionomycin. We tested three controls, two patients

homozygous for the CARD9 Q289X allele, and one patient homozygous for the CARD9

R101C allele. All patients had markedly low levels of interleukin-6 production after 24

hours (Fig. S6.2 in the Supplementary Appendix) and after 48 hours (Fig. 3B) of whole-

blood stimulation with heat-killed C. albicans and heat-killed S. cerevisiae. Finally, for three

patients homozygous for the CARD9 Q289X allele and one patient homozygous for the

CARD9 R101C allele, we used flow cytometry ex vivo to evaluate the proportion of T cells

expressing interleukin-17A. These cells were significantly less common in these patients

than in the seven healthy controls tested in parallel (P = 0.004) (Fig. 3C).

DISCUSSION

We have identified autosomal recessive CARD9 deficiency as a potential genetic cause of

deep dermatophytosis. This broadens the spectrum of severe fungal infections that are

associated with CARD9 deficiency. Subsequent to the Q295X nonsense mutation and the

compound heterozygote missense mutations G72S and R373P previously reported,26,27 we

identified two new CARD9 mutations. One was a missense mutation (R101C), and the other

was a nonsense mutation (Q289X). Patients homozygous for these deleterious alleles were

found in four countries (Iran,26 Morocco, Tunisia, and Algeria); the prevalence of parental
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consanguinity is high in these countries. Five Algerian families and two Tunisian families

carried the same Q289X mutation because of a founder effect, with the most recent common

ancestor living approximately 975 years ago. None of the heterozygous persons had any

clinical signs, whereas all persons homozygous for the mutated allele had signs, findings

that were consistent with an autosomal recessive mode of inheritance and complete clinical

penetrance.

This study and previous studies26,27 have identified a total of 25 patients from 10 families in

five countries, with five different alleles. Four different clinical phenotypes have now been

reported in patients with autosomal recessive CARD9 deficiency. The seven related Iranian

patients and the Dutch patient had candida infection of the central nervous system,26,27

chronic mucocutaneous candidiasis, and superficial dermatophytosis.26 We now show that

CARD9 deficiency is a potential genetic cause of deep dermatophytosis, since all patients

with idiopathic deep dermatophytosis studied to date have been shown to carry biallelic,

rare, deleterious mutations in CARD9. Therefore, it is possible that CARD9 mutations will

be identified in other patients with deep dermatophytosis.1,4,12,31,32

Dermatophytes usually infect keratinized tissues. There are different types of so-called

dermatophyte-related invasive infections. Majocchi’s granuloma is a limited perifollicular

granuloma.33,34 Its histologic characteristics are perifollicular granulomatous inflammation

with dermal abscesses and dermatophyte hyphae. In contrast, deep dermatophytosis refers to

dermal invasions that are not localized and in which the granulomatous reaction extends

beyond the perifollicular area.35-38

In all the patients we have described, idiopathic deep dermatophytosis was diagnosed on

clinical, histologic, and mycologic grounds according to the 2008 European Organization for

Research and Treatment of Cancer–Mycoses Study Group consensus group definition (see

the Supplementary Appendix, section 1). However, kindreds with CARD9 deficiency had

phenotypic variability in dermatophytic infection, as already described.26 The clinical signs

of deep dermatophytosis in the patients described here began in childhood, with recurrent

and severe tinea and onychomycosis, and worsened during adolescence, leading to invasive

disease. Survival was poor in these patients — 4 of the 17 patients we studied died between

the ages of 28 and 39 years with clinically active deep dermatophytosis, and a fifth patient

died at 91 years of age. However, no other severe infections were reported; in particular,

there were no infections due to mycobacterium species or listeria, in contrast to reports of

infections in CARD9-deficient mice.39,40

Twenty-five patients bearing biallelic deleterious CARD9 alleles have now been reported,

and these patients had various fungal infections, including superficial and invasive fungal

diseases. These findings highlight the role of CARD9 in the human immune responses

controlling fungal infection. The molecular and cellular bases of susceptibility to fungal

disease, including deep dermatophytosis in particular, remain unclear. A defect in

macrophages, dendritic cells, or keratinocytes might account for the invasion of the dermis

by dermatophytes in CARD9-deficient patients, since the Q289X mutation leads to a loss of

expression and the R101C mutation leads to lower levels of expression in the patients’

monocyte-derived dendritic cells.
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CARD9 is an adaptor in the signaling pathway downstream from dectin-1, dectin-2,

macrophage-inducible C-type lectin, and probably other as yet unknown receptors involved

in antifungal immunity.40-47 However, it remains unclear which receptors are actually

involved in immunity to dermatophytes. The diverse clinical presentations of CARD9

deficiency, ranging from dermatophytosis to candida meningitis, suggest that multiple

molecular pathways in multiple cell types are controlled by CARD9. The patients tested had

impaired interleukin-6 production in response to whole-blood stimulation with fungal

ligands (heat-killed C. albicans and S. cerevisiae), which indicates that the CARD9 alleles

are deleterious for at least some cellular responses that may underlie deep dermatophytosis.

Patients with CARD9 deficiency have also been reported to have low proportions of

interleukin-17 T cells.26,27 We found that patients had significantly lower proportions of

interleukin-17 T cells than normal. However, this may not necessarily be a consequence of

CARD9 deficiency, since deep dermatophytosis may result in the trapping of

interleukin-17–producing T cells in skin lesions.

Additional studies are required to characterize the CARD9-dependent pathways in both

myeloid and lymphoid cells in humans, as well as the other genes responsible for controlling

host defense against candida species and dermatophytes. In any case, deep dermatophytosis

has been shown to be associated with biallelic, rare, deleterious CARD9 mutations in all

kindreds tested to date, providing yet another example of a life-threatening infectious

disease associated with single-gene inborn errors of immunity.48,49

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Pedigrees of the 17 Patients from Eight Kindreds with Deep Dermatophytosis and
CARD9 Mutations
Panels A through H represent the eight kindreds. Each generation is designated by a Roman

numeral, and each family member by an Arabic numeral. Circles denote female family

members, squares male family members, solid squares and circles patients with deep

dermatophytosis, double horizontal lines consanguinity in a married couple, and slashes

deceased family members. The probands are indicated by arrows. The CARD9 genotype is

indicated below each family member. E? denotes no DNA available, NM nonmutated, and P

patient.

Lanternier et al. Page 12

N Engl J Med. Author manuscript; available in PMC 2014 July 07.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 2. Clinical and Histologic Features of Patients with CARD9 Deficiency
A skin-biopsy specimen from Patient 13 (Panel A, periodic acid–Schiff) shows irregularly

branched septate hyphae (arrowhead) in the center of a granuloma containing multinucleated

giant cells (asterisk). Clinical features of Patient 12 (Panel B) and Patient 8 (Panel C) are

shown.
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Figure 3. Effect of CARD9 Mutations on CARD9 Expression and Function
Panel A shows flow cytometric expression of CARD9 in monocyte-derived dendritic cells

(MDDCs) in Patients 12 and 17 and controls. Panel B shows interleukin-6 production by

whole-blood cells from patients with Q289X/Q289X and R101C/R101C CARD9 genotypes

after 48 hours, as measured by enzyme-linked immunosorbent assay on stimulation with

zymosan, heat-killed Candida albicans (HK C. alb), heat-killed Saccharomyces cerevisiae

(HK S. cer), lipopolysaccharide (LPS), and phorbol 12-myristate 13-acetate plus ionomycin

(PMA+Iono). NS denotes unstimulated. The asterisks indicate values below 100 pg per

milliliter, and the T bars the standard deviation. Panel C shows impaired development of

interleukin-17–producing T cells in patients homozygous for the R101C or Q289X CARD9

mutations.
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Table 2

Characteristics of the 17 Patients.

Variable No. of
Patients

Male sex 12

Female sex 5

Country of origin

 Morocco 2

 Algeria 11

 Tunisia 4

First symptoms*

 Severe or recurrent tinea capitis 14

 Severe or recurrent tinea corporis 10

 Onychomycosis 6

Presentations in adulthood

 Lymph node enlargement 10

 Central nervous system invasion 1

 Local organ invasion (bone, diges-
  tive tract)

2

 Associated infection: thrush 6

Deaths† 5

Dermatophyte identified

  T. rubrum 5

  T. violaceum 8

Histologic features

 Granuloma 10

 Necrosis 6

 Hyphae on biopsy 12

Biologic exploration‡

 Hypereosinophilia (>500/mm3) 9/10

 High IgE levels (>500,000 IU/ml) 4/4

Lymphocyte subset‡

 Normal CD4+ T-lymphocyte subset 4/4

 Normal CD8+ T-lymphocyte subset 4/4

 Normal B-lymphocyte subset 3/3

 Normal NK-lymphocyte subset 3/3

*
The median age at first symptoms was 8 years (range, 2 to 21).

†
The median age at death was 34 years (range, 28 to 91).

‡
For biologic exploration and lymphocyte subset, the number and total number of patients tested are shown for each category.
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