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INTRODUCTION
Cafe-au-lait spots (CALS), also called cafe-au-lait macules, are 
uniformly pigmented light to dark brown spots on the skin that 
may be present at birth or develop in childhood1. They usually 
appear as light brown in light-skinned people and medium to 
dark brown in dark-skinned people. The size of the spots can 
vary from 1–2 mm up to >20 cm2. Morphologically, CALS are 
more frequently oval-shaped and have smooth edges, although 
other formats are described3.

Histologically, an increase in melanin content has been 
demonstrated in both melanocytes and basal keratinocytes, and 
in some pathological conditions, an increase in the number of 
melanocytes, although proliferation of melanocytes is not seen2. 
CALS can occur anywhere in the body with the exception of 
the scalp, palms, and plantae, but they appear more frequently 
on the trunk and extremities, and less commonly on the face4.

Several steps are involved in determining the color of the 
skin. Melanocytes arise from the neural crest. During embry-
onic development, melanoblasts migrate toward the dermis, 
and then through it to reach the overlying epidermis, where 
they undergo extensive proliferation and begin the production 
of melanin. In the next step, melanosomes are transferred from 
melanocytes to keratinocytes5. Furthermore, the configuration 
of the “ordered three-dimensional cellular arrangement” of the 
skin, called “epidermal melanin unit,” also influences the deter-
mination of pigmentation6.

Many genes encode protein components or regulators of 
signaling pathways involved in the development, migration, 
and function of melanocytes and, therefore, in the control of 

physiological and pathological pigmentation of the skin. A large 
group of syndromes associated with CALS result from germ-
line mutations in these associated genes7.

In addition to melanocytes, the neural crest gives rise to 
several other cell types. As a transient structure present during 
embryonic development, the neural crest is composed of highly 
multipotent progenitor cells, characterized by populations of 
already determined precursors and heterogeneous and multi-
potent cells6,8, capable of giving rise to different phenotypes, 
depending on various growth factors and the microenvironment 
at the migration sites. Thus, the cephalic neural crest gives rise 
to most of the craniofacial skeleton (chondrocytes, osteocytes 
and odontoblasts) and other facial tissues such as nerve gan-
glia, muscles, connective tissue and pigment cells, while the 
trunk neural crest cells give rise to neurons and glial cells of 
the peripheral nervous system, in addition to secretory cells of 
the endocrine system and skin pigment cells6,9. This explains 
the wide phenotypic variation observed in syndromes associ-
ated with CALS.

It is important to highlight that isolated CALS may occur as 
a common finding (10–36% of healthy people) with no clinical 
significance when dissociated from other findings4. However, 
the presence of multiple CALS, large segmental CALS, other 
skin anomalies, facial dysmorphism, and other unusual find-
ings on physical examination may suggest the presence of an 
associated genetic disorder and should be investigated2.

The study aimed to provide a comprehensive understanding 
of the syndromes associated with CALS that exhibit craniofa-
cial abnormalities as part of the clinical phenotype.
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METHODS
A review of the literature was conducted from January to July 
2021. The identification of genetic diseases associated with 
CALS was carried out in the Online Mendelian Inheritance in 
Man (OMIM)10. The descriptors used for the search were as 
follows: “genetic diseases” or “hereditary diseases” and “cafe-
au-lait spots” or “hyperpigmentation.”

Once the related syndromes were identified, the presence 
(or not) of associated craniofacial abnormalities was deter-
mined from a survey carried out at OMIM, using the specific 
name of each syndrome and observing the signs/symptoms in 
the clinical synopsis. Subsequently, the evaluation of the clini-
cal signs associated with each syndrome was extended to other 
databases, such as PubMed (www.pubmed.com) and Virtual 
Health Library (www.bvsalud.org).

Literature review, case report, and case series were included 
in the research. Since these are rare diseases, the date filter 
was not used.

RESULTS
A total of 60 syndromes associated with the presence of CALS 
are described11. Among them, craniofacial abnormalities can be 
part of the clinical phenotype in 45 syndromes.

The affected gene and the typical, general, craniofacial, and 
orodental alterations observed in each syndrome are described 
in Table 1. The identified syndromes were classified into groups 
according to the altered signaling pathway and/or the function 
of the mutated gene.

Among the 45 syndromes identified, 39 different genes 
were recognized, considering that different syndromes can be 
linked to the same gene and that some entities have not been 
related to any gene until nowadays.

DISCUSSION
Neurofibromatosis type 1 (NF1) is the disease with the highest 
incidence among all syndromes associated with CALS and one 
in which this association is well recognized and considered a 
diagnostic hallmark2. However, several other genetic syndromes 
are associated with café au lait spots, with a total of 60 syn-
dromes described in the scientific literature11.

Most of these diseases that present multiple CALS are part of 
the developmental diseases known as RASopathies. This group 
includes genetic syndromes caused by germline mutations in 
genes encoding components of the Ras/MAPK (mitogen-acti-
vated protein kinases) pathway. This regulatory pathway is an 
essential intracellular signaling cascade that controls many cell 

functions such as differentiation, survival, and proliferation – 
functions that are critical for normal development7.

With regard to syndromes associated with CALS and 
craniofacial abnormalities, most of them are also included 
in the group of RASopathies. In this condition, we have 
NF17, Legius syndrome7,12, Leopard syndrome 112, Leopard 
syndrome 212, Leopard syndrome 3, Costello syndrome7,12, 
cardio-facio-cutaneous syndrome7,12, Noonan syndrome, 
Noonan syndrome-like disorder with loose anagen hair 213, 
and Noonan syndrome 13.

Considering that dysregulation of the underlying Ras/MAPK 
pathway is common to all RASopathies, the diseases included 
in this classification exhibit numerous overlapping phenotypic 
characteristics, such as craniofacial dysmorphism, cardiovas-
cular anomalies, abnormalities in tissues of ectodermal origin, 
neurocognitive impairment, and increased risk of cancer12.

However, it is important to consider that each of the 
RASopathies exhibits a unique phenotype, as it is caused by 
mutations at different points in the metabolic pathway12. In 
this sense, and considering the importance of the Ras/MAPK 
pathway in craniofacial development, the characterization of 
craniofacial and orodental changes in each of the RASopathies 
can provide valuable information for the diagnosis of a spe-
cific syndrome7.

Another group to be considered corresponds to phakoma-
toses. Defects at any stage of neural crest cell development such 
as migration, proliferation, cell-to-cell interaction, differentia-
tion, or growth are associated with the pathophysiology of neu-
rocutaneous syndrome or phakomatoses14. This group includes 
pathologies with different genetic mechanisms. The encompass-
ing diseases that share CALS and craniofacial abnormalities are 
Watson syndrome, Peutz-Jeghers syndrome15, tuberous sclerosis 
complex15, Cowden syndrome16, McCune-Albright syndrome17, 
and Johnson neuroectodermal syndrome18.

As a common feature in the group, all the diseases represent neu-
rocristopathies and, therefore, include abnormalities in the tissues 
of ectodermal origin, especially the skin, eyes, and central nervous 
system15. Craniofacial alterations can also occur, mainly related to 
structures originating from the ectodermal embryonic leaflet17.

Another important signaling pathway involved in the 
development and function of melanocytes is the KIT sig-
naling pathway. Waardenburg syndrome type 2E, piebald-
ism, peripheral demyelinating neuropathy-central dysmy-
elination-Waardenburg syndrome-Hirschsprung disease, 
and familial progressive hyperpigmentation with or without 
hypopigmentation are genetic disorders of aberrant melano-
blast differentiation and migration during embryogenesis5. 
The binding of the KIT ligand to its receptor KIT triggers 
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the Ras/MAPK signaling pathway, which regulates the dif-
ferentiation, migration, and survival of melanocytes, as well 
as proliferation, melanogenesis, and melanosome transfer7. 

Among the diseases of this group, Waardenburg syndrome and 
familial progressive hyper- and hypopigmentation are those 
that present associated craniofacial alterations.

Bloom syndrome, Nijmegen breakage syndrome, Seckel syn-
drome 2, and Fanconi anemia are diseases that present CALS 
and craniofacial alterations classified as DNA repair disorders. 
Germline pathogenic mutations in genes encoding key proteins 
in DNA repair and telomeres biology result in a high risk of 
cancer associated with these syndromes18,19.

In addition, we have the genomic imprinting disorders, 
associated with an epigenetic phenomenon that causes genes 
to be expressed or not, inherited from the mother or father. 
Silver-Russell syndrome 120 and Mulchandani-Bhoi-Conlin 
syndrome21 are diseases of this group.

Besides these classifications, localized or generalized mela-
notic hyperpigmentation might be part of the clinical presen-
tation of many other congenital systemic disorders that result 
from ubiquitous protein defects and/or basal cell processes. This 
suggests that melanocytes are a cell type with high sensitivity 
to such perturbations6. In these cases, CALS occurs as isolated 
lesions with low occurrence.

CONCLUSION
The observation of CALS in the assessment of a patient can be 
of great significance, especially the presence of multiple CALS, 
large and segmental CALS, other skin anomalies, facial dys-
morphism and orodental changes, and other unusual findings 
on physical examination. These findings should suggest an 
associated genetic disorder.

Furthermore, it is important to highlight that the cranio-
facial structures and skin tissue share a similar embryological 
origin. Thus, the characterization of craniofacial abnormalities 
in the assessment of a patient with a genetic syndrome associ-
ated with CALS can be of great relevance for the diagnosis of 
the specific syndrome related to this condition.
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