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What is a Mosaic?

An individual with a heterogeneous
genetic dotation originated from a 
genetically homogeneous zygote Normal individual Mosaic Mosaic





Segmental mosaicism

Mutation in embryo

Lines of Blaschko Blocks Phylloid Lateralization



Spermatozoid Ovule

Zygote

Cell division during
embryo development

Simple mosaicism Normal skinNormal skin

Cells derived from the
mutant cell will carry the
mutation in heterozygosis

Mutation



Non-segmental mosaicism

Postnatal 
mutation

Postnatal 
2nd hits

Migration
pattern



Spermatozoid Ovule

Zygote

Cell division during
embryo development

Lesion (2nd-hit) Affected normal-looking skinAffected normal-looking skin

Cells derived from the mutant
cell will carry the mutation in 
homo- or hemizygosis

Loss of 
heterozygosity

Postnatal 
2nd hits



Who carries mosaic mutations?



• A differentiated cell (a pure nevus)
• A stem cell (non-differentiated)

• A multisystemic disease (a syndrome)
• A multicomponent nevus (e.g., organoid nevus, 

combined vascular anomaly)
• A pseudodidymosis

Who carries mosaic mutations?





When do Mosaic mutations occur?

Germ line Adult life

Not viable A segmental nevus A ‘tumor’

Late embryoEarly embryo

A syndrome

Embryo-fetal

A patch nevus

GNAQ/11



When do Mosaic mutations occur?

Germinal Adult life

Thanatophoric dysplasia Segmental epidermal nevus Seborrheic keratosis

Late embryo
Adult life

Early embryo

Epidermal nevus syndrome Bladder cancer

Developmental anomaly Nevus Tumor Cancer

FGFR3



When do Mosaic mutations occur?

Costello syndrome
Sebaceous nevus

Sebaceous nevus
syndrome

Germ line Adult lifeLate embryo Adult life
Early embryo

Bladder cancer
Sebaceous gland

hyperplasia

Abnormal development Nevus Tumor
Cancer

HRAS (G12S)



How do Mosaic mutations act?

GNA/RAS 
pathway

PI3K/AKT 
pathway



How much Mosaic tissue?

Allelic frequency usually low (< 15 %)
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My approach to mosaic disorders

1. Identify a mosaic disorder: PATTERNS

2. Diagnose disorder: SKIN LESIONS & HISTOPATHOLOGY

4. Molecular confirmation: GENE TESTING

3. Associated conditions: IMAGING & LAB

5. Therapy: IF EXISTING



Future approach to mosaic disorders

1. Identify a mosaic disorder: PATTERNS

2. Diagnose disorder: SKIN LESIONS & HISTOPATHOLOGY

4. Molecular confirmation: GENE TESTING

3. Associated conditions: IMAGING & LAB

5. Therapy: IF EXISTING



1. Identify a mosaic disorder: PATTERNS



2. Diagnose disorder: SKIN LESIONS & HISTOPATHOLOGY



2. Diagnose disorder: SKIN LESIONS & HISTOPATHOLOGY

Parakeratosis of Cerroni



3. Associated conditions: IMAGING & LAB
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Gene Result Summary
NSHD L c.[262C>T]

p.[Arg88Ter]
Detection of the heterozygous change c.262C>T in 
the NSDHL gene in DNA. The result was confirmed
in a second, independent PCR reaction

The mutation c.262C>T (p.Arg88Ter; R88X) in exon 3 of the NSHDL gene has been already
reported in a patient with CHILD syndrome (König et al, 2000). Therefore, the mutation was
classified as pathogenic.

4. Molecular confirmation: GENE TESTING



5. Therapy IF EXISTING



Spermatozoid Ovule

Zygote

Cell division during
embryo development

Nevus Normal skinNormal skin
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Epigenetic mosaicism of X-linked genes

Dominant
Females affected (lethal* in males)
• Incontinentia pigmenti (NEMO)

• Focal dermal hypoplasia (PORCN)

• Conradi-Hünermann-Happle syndrome(EBP)

• CHILD nevus (NSDHL)

• MIDAS / MLS  syndrome (COX7B)

• Oro-facial-digital type 1 (CXORF5)

• Aicardi syndrome (? Xp22)

Recessive
Males affected, carrier females (healthy or mosaics)
• Hypohidrotic ectodermal dysplasia, X-linked (EDA)

• Diskeratosis congenita, X-linked (DKC1)

• Menkes syndrome (ATP7A9)

• IFAP syndrome: ichthyosis follicular, atrichia, photophobia (MBTPS2)

• Reticulated pigmentary anomaly of Partington (POLA1)

• Borjesson-Forssman-Lehman syndrome (PHF6)

• Albinism-deafness syndrome, X-linked (? Xq24-26)

• Hypertrichosis, dominant X-linked (? Xq27.1)



Incontinentia pigmenti: NEMO

Pictures by Prof. L. Requena



Epigenetic mosacism

Genomic mosaicism

X-linked diseases

Dominant Recessive

Lethal, dominant
diseases

Non-lethal, dominant
diseases

Recessive diseases

Simple segmental  
mosaicism

Superimposed (segmental) 
mosaicism



1. Identify a mosaic disorder: PATTERNS



2. Diagnose disorder: SKIN LESIONS & HISTOPATHOLOGY



3. Associated conditions: IMAGING & LAB



4. Molecular confirmation: GENE TESTING



Spermatozoid Ovule

Zygote

Cell division during
embryo
development

Simple mosaicism Normal skinNormal skin

Cells derived from the
mutant cell will carry the
mutation in heterozygosis

Mutation

Lethal, dominant
diseases



Genomic mosaicism of lethal mutations

Genetically confirmed
• PROS overgrowth spectrum (PIK3CA)
• Proteus syndrome (AKT1)
• Port wine stains and Sturge-Weber syndrome

(GNAQ/GNA11)
• Epidermal nevus and epidermal nevus syndrome (FGFR3, 

FGFR2, HRAS, PIK3CA)
• Sebaceous nevus and sebaceous nevus syndrome (KRAS, 

HRAS, FGFR2)
• Nevus spilus and related (HRAS, PTPN11)
• McCune-Albright syndrome (GNAS)
• Maffucci syndrome (IDH1, IDH2)
• Melanocytic nevus and melanocyti nevus syndrome (NRAS)
• Becker nevus and Becker nevus syndrome (ACTB) – and 

CSMH
• Nevus comedonicus and nevus comedonicus syndrome

(NEK9)
• Encephalocraniocutaneous lipomatosis (FGFR1)
• Vabres syndrome (RhoA)

Awaiting genetic confirmation
• Angora hair nevus syndrome
• Castori syndrome
• NEVADA syndrome
• Cutis marmorata telangiectática congénita (?)
• Nevus trichilemmocysticus and nevus 

trichilemmocysticus syndrome



1. Identify a mosaic disorder: PATTERNS



2. Diagnose disorder: SKIN LESIONS & HISTOPATHOLOGY



2. Diagnose disorder: SKIN LESIONS & HISTOPATHOLOGY

WT1



3. Associated conditions: IMAGING & LAB 4. Molecular confirmation: GENE TESTING

MAP2K1

5. Therapy IF EXISTING

Surgery ?
Trametinib – MAPK inhibitors ?



Epigenetic mosacism

Genomic mosaicism

X-linked diseases

Dominant Recessive

Lethal, dominant
diseases
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Simple segmental  
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Superimposed (segmental) 
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1. Identify a mosaic disorder: PATTERNS



2. Diagnose disorder: SKIN LESIONS & HISTOPATHOLOGY



3. Associated conditions: IMAGING & LAB

4. Molecular confirmation: GENE TESTING

Somatic mosaicism

Only gonadal cells (germinal) Somatic and gonadal cellsOnly somatic cells

Gonadal mosaicism Gonado-somatic mosaicism

Not transmissible Transmissible Transmissible



Spermatozoid Ovule

Zygote

Cell division during
embryo
development

Simple mosaicism Normal skinNormal skin

Cells derived from the
mutant cell will carry the
mutation in heterozygosis

Mutation

Non-lethal, 
dominant
diseases



Epidermolytic ichthyosis Epidermolytic epidermal nevus

Germinal During embryo development

Mutations in K1 or K10



Keratitis-ichthyosis-deafness KID syndrome 
PEODDN/PAON

Germinal During embryo development

Mutations in connexin 26 (GJB2)



Simple segmental mosaicism of dominant, non-lethal diseases
(demonstrated by genetic analysis)

Of genuinely monoallelic diseases
• Epidermolytic ichthyosis Brocq (KRT1, KRT10)
• Superficial epidermolytic ichthyosis Siemens (KRT2)
• Darier disease (ATP2A2)
• Hailey-Hailey disease (ATP2C1)
• Pachyonychia congenita (KRT16)
• Dowling-Degos disease, Galli-Galli variant (KRT5)
• Keratitis-ichthyosis-deafness KID syndrome (GJB2)

Of biallelic diseases
• Neurofibromatosis 1 (NF1)                                                                                            
• Gorlin syndrome (PTCH1, PTCH2, SUFU)
• Glomangiomatosis - GVM (GLML)
• Familial leiomyomatosis with renal cancer (FH)
• Tuberous sclerosis complex (TSC1, TSC2)
• Cylindromatosis (CYL)



Simple mosaicism in autosomal dominant disorders:
Mosaicism in genuinely monoallelic autosomal dominant disorders

wt/wt MZ/wt wt/wtME/wt

Normal individual Affected individual Simple segmental mosaicism

wt: wild type; M: mutated allele; Z: 
zygote; E: early; L: late



Spermatozoid Ovule

Zygote

Lesion (2nd-hit) Normal skinHyperpigm/normal-looking skin

Cells derived from the mutant
cell will carry the mutation in 
homo- or hemizygosis

Loss of 
heterozygosity

Non-lethal
dominant

mutations -
biallelic

Mutation

Cells derived from the mutant
cell will carry the mutation in 
heterozygosis



Normal 
individual

Simple segmental 
mosaicism

Non-segmental 
disseminated mosaicism





Cutaneous mosaicism
Epigenetic mosaicism

Genomic mosaicism

X-linked disorders

Dominant Recessive

Lethal, dominant
diseases

Non-lethal, 
dominant
diseases

Recessive
diseases

Genuinely
monoallelic diseases

Biallelic diseases
(multiple tumor)



1. Identify a mosaic disorder: PATTERNS



2. Diagnose disorder: SKIN LESIONS & HISTOPATHOLOGY



2. Diagnose disorder: SKIN LESIONS & HISTOPATHOLOGY



3. Associated conditions: IMAGING & LAB

• Neurologic exam, MRI – normal
• Chest X-ray – normal
• Orthopantomography – Odontogenic cyst



4. Molecular confirmation: GENE TESTING

wt M

wt

Superimposed mosaicism

M
PTCH1

Affected individual

Gorlin syndrome Segmental Gorlin+

M’ M

/



4. Molecular confirmation: GENE TESTING

p.Tyr1021Cys

p.Tyr1021Cys

543-549delGGCACTC

PTCH1

p.Tyr1021Cys
p.Tyr1021Cys
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Zygote
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embryo development

Lesion (2nd-hit) Affected normal-looking skinAffected normal-looking skin

Cells derived from the mutant
cell will carry the mutation in 
homo- or hemizygosis

Loss of 
heterozygosity

Non-lethal
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mutations -
biallelic



Spermatozoid Ovule

Zygote

Cell division during
embryo development

Lesion (2nd-hit) Affected normal-looking skinAffected normal-looking skin

Cells derived from the mutant
cell will carry the mutation in 
homo- or hemizygosis

Loss of 
heterozygosity

Non-lethal
dominant

mutations -
biallelic

TIMING
Embryo – Superimposed
Fetal – Non segmental, congenital
Postnatal – Non segmental, acquired



Superimposed mosaicism in AD, non-lethal mutations

Genetically confirmed
• Darier disease
• Gorlin syndrome
• Hailey-Hailey disease
• Osteomatosis cutis hereditaria
• Legius syndrome
• Neurofibromatosis 1
• Disseminated superficial actinic porokeratosis
• PTEN hamartoma syndrome
• CM-AVM syndrome

Pending genetic confirmation
• Albright’s hereditary osteodystrophy
• Acanthosis nigricans, autosomal dominant
• Buschke-Ollendorff syndrome
• Syringomatosis
• Trichoepitheliomatosis
• Tuberous sclerosis complex 
• Familial leiomyomatosis with renal cancer 
• Eccrine spiradenomatosis
• Epidermolytic ichthyosis Brocq
• Glomangiomatosis - GVM
• Hereditary hemorrhagic telangiectasia (Osler-Rendu-

Weber) 
• Hereditary basaloid follicular hamartoma
• Marfan syndrome



1. Identify a mosaic disorder: PATTERNS



2. Diagnose disorder: SKIN LESIONS & HISTOPATHOLOGY

Requena bodies



3. Associated conditions: IMAGING & LAB

Superficial erosions

Fissures on folds

Generalized pruritus

Diffuse erythema Diffuse alopecia

Palmo-plantar keratoderma

Nail dystrophy

Skin
fragility

Ectodermal
dysplasia

Ectodermal dysplasia – skin fragility syndrome



4. Molecular confirmation: GENE TESTING

M

w
t

M

M M

/

c.638delT/wt

c.638delT/wt

wt/wt

Mosaic ED-SF
c.638delT/c.638delT

Plakophilin 1



Spermatozoid Ovule

Zygote

Cell division during
embryo development

Nevus Normal skinNormal skin

Cells derived from the
mutant cell will carry the
mutation in homozygosis

Loss of 
heterozygosity

Recessive
mutations -

biallelic



Blood

Skin



1. Identify a mosaic disorder: PATTERNS

2. Diagnose disorder: SKIN LESIONS & HISTOPATHOLOGY





Mosaic manifestation of polygenic diseases

Simple segmental 
mosaicism

Superimposed
(segmental) mosaicism



The n rule of genes
Germinal: n
Superimposed: n+1



Superimposed mosaicism on polygenic cutaneous diseases

• Acne vulgaris
• Atopic dermatitis
• Bullous pemphigoid
• Dermatomyositis
• Drug eruption
• Erythema multiforme
• Graft-versus-host disease
• Granuloma annulare
• Lichen planus

• Lichen nitidus
• Lichen striatus
• Discoid lupus erythematosus
• Subacute lupus erythematosus 
• Systemic lupus erythematosus
• Morphea
• Pemphigus vulgaris
• Psoriasis 
• Vitíligo
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