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Craniofacial findings in syndromes associated with
cafe-au-lait spots: a literature review
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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 childhood'. 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 cm? Morphologically, CALS are
more frequently oval-shaped and have smooth edges, although
other formats are described?.

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 seen’.
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 face.

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 keratinocytes®. Furthermore, the configuration
of the “ordered three-dimensional cellular arrangement” of the
skin, called “epidermal melanin unit,” also influences the deter-
mination of pigmentation®.

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

, Lorena Daiza Aquino Ferraz® @,
, Renato Assis Machado*®

, Hercilio Martelli Junior®?

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

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 cells®®, 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 cells®’. This explains
the wide phenotypic variation observed in syndromes associ-
ated with CALS.

Itis 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 findings*. 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 investigated?.

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 Inberitance in
Man (OMIM)". 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 described"'. 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 hallmark®. However, several other genetic syndromes
are associated with café au lait spots, with a total of 60 syn-
dromes described in the scientific literature''.

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 RasyMAPK (mitogen-acti-
vated protein kinases) pathway. This regulatory pathway is an
essential intracellular signaling cascade that controls many cell
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functions such as differentiation, survival, and proliferation —
functions that are critical for normal development’.

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

7,12

NF17, Legius syndrome”'?, Leopard syndrome 1'2, Leopard

syndrome 2'%, Leopard syndrome 3, Costello syndrome”'?,

cardio-facio-cutaneous syndrome” '

, Noonan syndrome,
Noonan syndrome-like disorder with loose anagen hair 2'3,
and Noonan syndrome 13.

Considering that dysregulation of the underlying RassMAPK
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 cancer'.

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 pathway'. In
this sense, and considering the importance of the RassMAPK
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 syndrome’.

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 phakomatoses'. This group includes
pathologies with different genetic mechanisms. The encompass-
ing diseases that share CALS and craniofacial abnormalities are
Watson syndrome, Peutz-Jeghers syndrome’’, tuberous sclerosis
complex'®, Cowden syndrome', McCune-Albright syndrome'’,
and Johnson neuroectodermal syndrome’®.

As acommon 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
system”. Craniofacial alterations can also occur, mainly related to
structures originating from the ectodermal embryonic leaflet”.

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 embryogenesis’.
The binding of the KIT ligand to its receptor KIT triggers

Rev Assoc Med Bras 2023:69(1):195-202


http://www.pubmed.com
http://www.bvsalud.org

Carvalho, A. A. et al.

“2NUIIUOD

|ejuap ‘a3ejed payo.e-ysiH .v_uor._c%w_mﬂww\w__umhm UINFenesxs snyaed Z Jiey uadeue as00|
s2{90SLT9) 4oy :spjoj [eyjueida ,m._wo& ‘wslo|a1uadAy .QWm auoq paAefap .ﬁcm_mmg v cozm,ELou__m,c(_ Ev__m>>->bcmm_ (uaned S.‘_ s d0Tddd 5_\5 49pJ0SIp 9Xl|
ININO . . . ‘Aejap [e3uBWdO|2ASP (UINS 9S00| ‘STyD ‘Bulpoa.) ‘uoljejuswdidodAy Joiatian)
‘syd Jejnoluneaud ‘sues 39s-mo| pue a3.e| aulldiey 6175150 LIESU ‘SIN1E15 1IOUS IS DU A1EU 10 SaUnIEs1 SALSULSID 007 -9WO.IPUAS UBUOON|
10149350d MO| ‘peaya.0y) Jusuiuold ‘Ajeydadoioe|n| Pejep ey 1€35 1I0US Ubys pue dley & 1694 SAPUNSIP [LIGAL
‘S3l|eWOUE [Euap ‘di| JomOo| S IMeS
(£80619) P332AS Uo||IWLISA i AN PLIEN SISOYDLIIRAAY J0YS 'S30943p 3JE3Y :XEIOY] PEO.] ‘SNSJeA SNIGND ¢ ‘sauldijua Emw% SWOJPUAS UBUOO
WING Pl 110Us ‘93pIiq [eSeU apIm ‘WsLoje3adAY ‘sisoid . HOYS 's319949p 3 ks. Y3 peo.q _, 14no .STvD [EREE]] ‘. O AdVYIN o p! N
. . ) S9l|BWIOUE [BIDBJOIUED ‘SWajqo.d |edoiAeyaq ‘Aejap [eauswdojonap |eqo)S :JpardAT
'S1e9 39S-MO| ‘winJ3|iyd Suoj :peayalo peolq/ysiH
UOISN|230JELL [E3U9P ‘sisayielp Suipas|q ‘wisipiyd4o3dAid
<,(056€9T) | *21eled payoue-ySiy ‘wnyjiyd panoous Ajdeap ypau " * i o i It g
. . . UOIJep.IBIad [BIUSW ‘S3103Jap [B3R[2¥(S ‘Bwapajul| ‘(uanbauy) STy Joiated) | TTNLdd SWOJPUAS UBUOON|
ININO pagQam :sso| Bulleay ‘sJiea 395 Mo| :saanssy edgad|ed ] . . )
. . $199J3p 3483y |eHUS3U0D ‘WSIYdIOWSAP [BIDBS ‘9INJeIS 140YS ;JDIITAL
3uijuejsumop ‘wisioeIadAy ‘peaya.o) peo.q
'911q uado ‘a3ejed paydJe y3iH ey Ajand/asieds >oau ‘Ayzedounau [euoxe |edaydiiad ‘AydoJie (213102 ‘ewoldueway ‘SISOAYIYDI SEEUE
<zvz2(0STSTT) pPagQgam {SJea 3185-MO| ‘950U JJ0Ys Spjoyj [eyjuedids ‘S1sojedaIadAy (24ed) STvD 31dIyNW (% TE-6) STVD OM] JO U0 DIl SWou c>wm:ooc_m o
ININO ‘snwisigeJ3s ‘sisoid ‘wsiiofe3ladAy ‘Suimolieu '94N3€3S 110YS v P )
5 g g . . . 5 -OIoe4-0IpJed
|esodwialiq ‘peaya.0) Y31y ‘Ajeydedoioewl aAIle|Sy | ‘Sa13I[BWIOUGE [BWISPOIOT "UOITePIeIS [BIUSW ‘S103)9P JJeay ‘Sa10e) 9S1e0d JJDDI0AT
"B1SSO|30.0BW B[NAN PYIG ‘Yinow . .
. . . S931|eUlIouqe |Ieu ‘a4n|ies
53.e| ‘sdi| ¥21y3 :uoidnus Yoo} paAe|sp 1094ap [suleus euaJ {8unj |[ews 30949p delpJed {(aJed s|diynw (9 93e|0S!
cvzaOV08TZ) | *AydonuadAy [eaiBusS ‘eiupeuso.oi ‘atefed pauply (UL SN 8L PR IEP AP A2 ST SELIM G ) ST Rie o
) . . . IAaU Jewl|ed ‘ewo||ided ‘suedlidiu siISoyjuede ‘exe| sijnd ‘sasea.Ud doap ;Joiation) SYVH SWOJPUAS 0]|9350D)
ININO 309U JJ0US SJed 39S-MO] :S323U2 ||N 250U JJoYs ) . .
. . . ' Uol3ep.eJa [BJUSIA “J92UED 0F UOIFISOdSIPa.d A} NdUIp
+S1503 'Sp|0} [ey3ueDIds "SnuisIqe3s WsLIO[R3IadAY SuIpaay 249A3S ‘24n3s0d puey aAIIOUIISIP ‘94NIEFS J10YS ‘Sa10e) 9SIE0D DIITA
‘Buimoeu jesodwaliq ‘peaya.oy ysiy ‘Ajeydado.oep| L 150 PUBY SALPULSIP M N P& APIGAL
. . . . "53e au0q paAe|ap :S309J9p J10BI0Y] pUB JUesy :S34NZISs ‘SHoYap
(£0/€T9) &__mgm\/_ém.u&mmw_‘_m»_mmmwﬂ_ memwmwmcﬁmm%%m_wMMM@w%w: SAIHUS0D :ApOq ajoym a3 Uo peauds IAsu a|di3Nw ‘D ‘SauIBIus| ;DIaua5) 449 € SUWOJPUAS piedos
WINO PRAQEMBIOYS - Jeop | : : | 'S91|BUWIOUE |B1DBJO0IUBD ‘SSOJeIaNIadAY D4Nn3e)s J0ysS ‘SUoIss| pajusw3id ;JooIdAT
‘sdij 21y | "s94nssy 'Sn3jeA sn3gnd ‘Azuaqnd paAe|op ;Joiatiat)
(#SSTT9) [eagad|ed uijue|sumop ‘wsiioja3adAY (SJ1ea 39s-MOo| ‘SouUIBI3UR) T4vY Z QUWO.pUAS pJledoa
WINO 23U paqggam 1Joys uiyd Jusuiwold ‘Ajeydasoydljoq | ‘STvD ‘Saljewoue |e1oejoluedd ‘AyjedoAwolp.ed diydoajiadAy ‘9uaniels 3uoys JoojdAT
'SSI[EWIoUe (B33P 'Sl YOI} ‘SPIO; [BIGe]-|eseu ‘epyliq eulds ‘Sa131WI04ap DI0BJ0Y] (UOIIEPIeIa. [BJUSW (%08~ NIDETE]
L00TTST) daap ‘a1ejed 13| 408U 110US ‘350U PO SNUISIGRIIS pyiq eul ] : 4op 2! ; Y3 -uonep.ejou ey (%08 obm._<u.\ O
) . ) Ssaujeap ‘saljijewlouge d1yde.301paed0.3os|e ‘@Jnje3s 14oys | TTNdLd T SWO.PUAS pJedoaT
ININO Sp|o4 snyjuedids ‘sisoid {sues 39s-mo| pue Juaujwo.d . . . ; )
; . . £1e31US3 |ewJoude ‘sISouals dluow|nd ‘Wsiloja1iadAy ‘sauidizus| a|diynw JooTdAT
‘3uIssoq [e3aliediq ‘9oey Jen3uel] ‘wsiyeudodd
‘wnujiyd A|dssp ‘elyjeudoldiuw :o3ejed paydJe . . . .3_>_u.u8wg>£
. ) . -}12Yap UOIFUS}IE ‘SaI3Nduip SujuJes) ssaijiwiogap sn3dad Bulyda.y oiotan)
ezzz(TEPTTY) | Y31y 23U 140y :auljiey Jo1193sod-moj :WisLIo|a1IadAy .
) , uolysodsipaad Jowny | 7g3ydsS SWOIPUAS SNiZa
INIINO Sp|oJ [eyjuedids ‘saunssy |edgad|ed Suijue|sumop . . . "
‘5 165 195-M0| 936} J2|N3UeL} APUdar0.0e N 10 ‘s3|npou yosi ‘sewol|3 213do ‘Sewolqyoinau Yjm pajeidosse JoN ‘Sal3|Igesip
’ : Buluies| ‘sewodi| ‘saunjesy 21ydIowsAp s|qelieA (%66) STvD o|diynwi JooIdAT
. ‘S9ljeuwoue
. slejou B19[OXS SISOU)S AUde |eual :snjeydadoupAy ‘UoliepJlelau [ejusul p|iu Jpjauag) | 9dA3
£2(002297T) PU0J3S SUISSIU A][B3IUDZUOD ‘S31311B|N33.1| [B3Udp [E391245 51 ’ : v TN
WINO ‘wislioja1JadAy ejngipuew eisejdodAy ‘Ajeydano.doe|a| swiejdosu SISOIELOGYOINSN
T ’ : 158l 3SIJ PasSeaIdU| “BUl|XI3.) (SPWOIqYOINaU [S3INPOU YasIT ‘S |di3nwl Jo2IdAL
Jay UoI3D1SajlubW [DIUSPO.IO PUD [DI2DJOIUDID) $24n}paj [pJauas pup [p2IdAL EVED) salypdosyy

'S3]}1|eWIouUge [e1dejolue.d pUue STV YHM PaJeIdoSSe SOWOIPUAS d13aUan) T d|qel

197
Rev Assoc Med Bras 2023;69(1):195-202



Craniofacial findings in syndromes with cafe-au-lait spots

“anuluoD)

(£50609 "|e31ua804n ‘SWa3sAs SNOAJISU [BI3USD o
Mgl oo SO DS08R ey O | SO S
»mvommm 1UODUE, “BIUI[BLIYdOIDIL ‘SNUISIGe s Ajeydao0udln n_.uq HIULIOS .UQ U3 ‘eise|de [e1ped) U03a[eXs (suoly » Jlew | O ONYA DONVH VONVH)
059/22) g 94N3e3S |[PWS *(BIWSXN3]) Jo9dued 03 uoijisodsipald y3Iy ‘9Jn|ie} moiew BIWBUE [UODUBH
ININO 3U0( 3195U0-A[JED ‘SWa3SAS UBSU0 Jofew Ul sali[ewoude [ejuauidolsAsp JDITAAT VONVH
s e ot
(820€19) ol3se|dodAy (98pllq |eseu peo.dq fwslioja3JadAy IAPREPALREL] -UoK Y2 LI D) A RIRY - uq.uq Hoys .| [AHNW STVD 9 0Savy 91|-OWOJPUAS
WINO ‘elyjeusodoiw ‘peayalos 3uidols ‘Aleydasoddiin JuswdoASp [enya| 23ul pauredul o3exealq uadawliN
el tupesy 1ao1s Arey : ‘AleydasoJoiw [e31u93U02 {UOIID1IISD YIMOIS DUDASS JDDICAT He94q "
BISE|CISOAY [BNISUIS BISSOJA0.0BUI'[SUIELD "S3I}IWRIIXS JOPUS|S ‘S304ap [BHSIP iSASUpIY 01d0303 {(BWOoS NIJENED)
lb/909) | dnseidodAy ‘zeled payoe Y3y ‘ajejed 3P ‘saiewoue THWB.PG JSPUSIS 'S129)2P [EYISIP -SABUPI 2100199 (BL0S) STV DIPZD
. . . Aleydaooaoiw ‘9anieis Joys|  8dggy Z QWOUPUAS |[3035
WINO [BJUSQ "10349p Je3 ‘snuBe3sAU S|gIpUew BUIp293. ‘Uoljep.elal |ejusul ‘oouedeadde |e1oe)  papesy-pJiq, JOOI0AT
‘908) MOJJBU :9S0U ¥1]e3q :s1sordoud ‘Ajeydadoldi|n HEpIEId (€} BI85 PIPESU-pAIq, JOIIGAL
. . .Bm_mq\&_ HOP -595€9sIP ‘yjeap aJnjewald Ayl uasJadAy uoljelped :aJnjies uelieAo Adewd
«2(0927G2) | |EIUOpOlIad 950U BUO| ‘BIsa.je [eueOoyd ‘Suea d13se|dsAp | ) . . . P SUIOJPUAS
. . ‘uoijeIauadapoanau ‘AJAORISAAY ‘UoijepIelad [ejusw (0SI13IA (%06 >) STV DIaua5) NEN
ININO ‘saunssy [edgad|ed Jo 3uijue|s paemdn ‘Ajeydadouoiuw . . . ) . o3exea.q uadawliN
. . Adusidyapounuiuli ‘9.1n3els 110ys ‘uolyisodsipaud Jaoued ‘Ajeydadotdiw JodIdAT
90k pIW JusulwoJd ‘Soueleadde eioey |edldA |
SRIEPUEA s o rsSorou el 000 o LR €10
£2(00607¢) ‘510Ul |eJo3e| Joddn JUasqy ‘80U s ea Jusuiold | 1994 U_.y. 1P AU ANAIY H,; 1SOL2113 » Y (%05<) STV Ol €1003d aUI0IpUAS Woo|g
ININO e MOLLIEU AlRUdS90.51 U TS AIRUABSOLAIG Adueu3Ijew 03 uo131sodsipald DAI}ISUSS-UNS ‘UIyS pajuawdidiadAy/odAy /NYM
4 Ie4 s ARy Wlod 2138303918UE|3] |BIDB) (24N3e3S 340YS ‘AdusIdyap YimoJd [ezeusod pue a.d JPITdAT
Jay UOI}D1IS3JIUDW [DIU3POIO PUD [DIIDJOIUDIY) $21n3D3J |DIaU38 pup [PIIdA] % siapJosip Jipdal YN
- BWOJPUAS ulysn?) ‘elwaulioe|oldiadAy ‘Ajedaulo.e ‘wsipiolAyielediadAy
o239 ‘ewiouspe AJejinyid issaupulq ‘wsiploJAylladAy aanjoedy o13ojoyied sdAjod [eullsajulodises oiata) SWOJPUAS
(008%LT) . . ‘ . SYNO .
Ssaujeap ‘AdjaulwAse |e1oey ‘s|solsodadAy |eloejoluel ) ‘A11agnd snoiooda.d Y31g\-aunDI|A|
WINO ‘(Jleausw3as pue a3.e|) %0G <NV ‘eIse|dsAp snoJqy 21303S0A|0d DIITAT
"ely1eud0.3ad ‘(2Jed) a3ejed 1ya)d ‘Asjed andsu [epeH | 3109Jop Jesy :2UNnjels JoYS (UOIep.ela. [BIUSU (SJed) SO [BaUNn.] ‘SISOJpIYodAY [joiatiaD) SUNUSD! SUWIOJPUAS
«(0LLLYT) 'SISOUD]S [BUBOYD :SUSB[OAS/SMOIGRAS JUSSCE :SSaujesp ‘UOI1BPJIBII YIMOID) P _U_M P! [BW.I2p030304nau
WINO 9AI12NPUOD ‘BR0JDIW -y as.eds :(aJed) Ajeydadodi|n| ‘e12adoje ‘wsipeuo3odAy d21doajopeuo3odAy ‘BluISOUe ‘ssaujeap JDII0AL 1N uosuyor
sonded oase|dadAy [eABulS oW .m_mo_zu_tmzbu_cw_OU,mg>_OQ_mczmm,E_HEBm%uxm,mBqu .ww__mEo%Lm_su%?coz.mEB&
. . . [e3usW :s3e3 Us S|dij N (%06 >) STV ‘Sluad sue|3 ayj Jo uoljejusw3id jpiatizn)
s2cz(0GE8ST) ‘Aydo.juiadAy |eAl3uld ‘elwolso.diul ‘o3ejed payo.e .
. ) i . BWIOUIDIED [B1132UWIOPUS pUE PIOJAYY N3Ld T SWO.IPUAS USPMOD)
INIINO Y31y ‘on3uoy [e30.2s ‘sewoyjided el Joelejed ej|ixew . . :
3|qIpUeW J13seidodAY ‘550| BuLEaY Aleydenoioei 1sea.q 104 sl ‘sajnded snojewo||ided ‘sewowwa|iydLi} [e1oey)
Gk : ’ : ’ ‘59503e.19 |BJoe ‘Aleydanoidewl Aq paziiaioeleyd JspJosip Snojewoewley JooldAL
12e2(VSZET9) .Amucm_mwgqm 3U0353|(q0D) Sa|NPOU ,m>_mc_m juanpuod ‘sud "9SBaSIP 9IS 240U UM ‘T m_mo._m_Um SN0Jagn} Se $2.IN3jeaj sules “‘\.Em:mo 7951 7 SIS0J0[25 SN0JBANL
ININO [aweus ‘(d|eas /peaysJoy) ssanbejd snoJqy ‘sewolqyolsuy/ sue3Jo a|di3nw Ul Seulojeuley JoordAT :
‘SJowng dlweyiydQ ‘(edueleadde ‘SI9PJ0SIP [B32]2¥(S ‘SUOIIedUID|eD JejndlijuaAe.ed ‘dedipuey [ejuswl ‘Asda|ids ‘ejewlolqy
zez(001161) 3U03$3|qq02) S9INPOU [BAIZUIS Juan|juod ‘siid [sweus | [endungns (905 >) STV ‘S9|NPOU SNoauUeINIgNS ‘sa|ndeu padeys-Jes| Yse a3ym Jpiatia) 10S1 T SISOJ92s snoJagn |
WINO ‘(djeas /peayaJoy) sanbejd snouqy ‘sewolqyoisuy ‘uesJo 9|di3Nw U sewlolewey JooIGAT
P — T "A3iaqnd snoipodaud :3uiggn|d [e3i3d1p :sdAjod ((jensnun) S0 w_gc_qmrﬁct..m\mg_mwww e SWOIPUAS
WINO (Bs0anw e3onq pue sdij) sau3ed papuswiBidadAH ‘sdAjod snojewlolleuley euljsajulolises ojdiznu ‘syods pajuswsidisdAy Joo1dAL S43UBa(-Zinad
(0zseot) . . “SUIPR.) 'sewolqyoInau ‘S0 9|dijnul oiatas
ININO S9INPOU 2SI Aeydado.1ew aAgeloy "9JN3E3S J0YS ‘A3l|Ige [BNJO3|[23UI PISEa.03p ‘S D ‘SISOUSIS Je|NAJeA Adeuow|nd Jo2T0AT TaN SUI0JpUAs UOSIEM

U0I3D}S3JIUDW [DIUIPOIO PUD [DIIDJOIUDID)

$a4n)paJ [pJauas pup [pI1dA|

sasojpwoypyd
10 aWoIpuAs
$noaupIN20INaN

“uolenunuo) T 3qeL

198
Rev Assoc Med Bras 2023;69(1):195-202



Carvalho, A. A. et al.

“aNUIIU0D)

15l [ELLCUB [E1L ISP IEISISEIP BILHEUB DI 'S10940p |e3ISIp ‘saljewloue diy/|elga3lan saljewoue
‘e|nAn/an3uo} pyliq ‘Ojeled/di 1ad ‘©3ejed y3iH -asou . . w 4o (el U l . u/1e.q um Sl
(026/%T) . ; . |BUS {5303Jap |euk 30aJap 11eay ‘eluojodAy ‘saunzias ‘eise|de s13nd ‘S :[biata)
9pIM ($S0| Buldeay ‘s9qojJes Juauluo.d (wslioja314adAy . Az SWOUIPUAS IYNgey
INIINO . . . so3ueyd 21ydA|303ewIap pue [e1a|os
S9YSE[PAI BUO] 'SMO.GIAD P32 'SPI[aAS JO 213s14930€B4BYD ‘S3108) JBl|ndad ‘WsyJemp [e3eu3sod ‘Uoijep.e3ad [ejuswl ;JpardAT
UOISJI2AS ‘94nssy edgadied uo) :Ajeydad0in| Hslioy 4 P& e LHIEMP [EJEL HEpIElad &Y DI
(166/19) .Bm_.mg ysiy ‘sdi c_fhm_fmcmob:z snwisiqeJis » , .Am_copo.g\ﬁ .>_>mec>m 1199) SWOIPUAS
Sp|o4 eyauesids ‘sAuydouAs ‘wslioja3aadAy ‘AJA1oepOUl|D ‘suaduy Suliade) :spuey {(%01) STV Joiauz9 dIHd UESIERET
WINO ‘SMOJGAS X213 ‘Suea 93| (peayaloy Y3iH | AJISSqO ‘Sauniesy d1ydiowsAp ‘JuawidolaAap [en3ds|a3ul pue [eqold paJiedw JoII0AT r 4o
‘SSlBLLIOUE [E3U9P "A|AJoBpOUID (WISIPIYDI03dAID (AB|Sp |euSLIdO|SASD - NJEDE] Ul
eeaeoc) ‘eluI03s0.01 s150d sisowydo.eydalg S8pLIq [eseu .mmw_c pmo _u,m_l_ m.cmg_uu.ﬂE gw m,.\_o_.mﬁ_vmr#g .m_mocr QML.M._%@U .\. 8&3@ craaw ‘Swo. c>mU o
WINO SPIM (SIS ||BWIS (SP|OJ [eyuedlds ‘Bulussieod |erde JeSp el U935 8UO] 51503 5! .c Ha9Iq IP2IAAL PUAS OdHO
“dl] 32143 ‘|)sweus o13sejdodAy ‘uoisnjaooew . . . . .
. . . WISIINSJIY $S309)op |e3I3IP (SaljewouUe [eulals J0ajap 1Jeay :sainzias
a1eled payoJe-y3iy ‘saljewoue [ejusg -9sou paxeaq . . . .
(67808T) . . ) ! winso||ed snd.od sisauade (D ‘Sasea.Ud Jew|ed asJaAsuely a|3uls :[Dialioe) T QWOJIPUAS
{ss0| Sulleay ‘siea 19S-MO| ‘elyeuS0.3a./0J01W ‘e||IXew - . 499330
ININO . . . SaJnjeay [e1oey 21ydIowsAp ‘seonjjey IgAe[-uIa3suIgNy
2se|dodAy is1sojd “Snuisige.ds |pesys.io} uauiwio.d SquINy3 peo.d ‘Adusioyap Yimods ‘uoljeplelad |eausul ‘Ajeydadoadiw JoordA
‘SUl|JIBY JOIISIUB MO] ‘S24N3eay [e1oe SUidlS /5quInyy peo.q PYop U HEpIE3Rd |ey 1°4 IWOIAAL
‘di| uly3 ‘winJy|iyd Uo| ‘eluo3soIoe|N| 'S|1BUS0] ||eWlS :SUIUS1I0YS quUl| :XeJoy3 ||ews :eiuojodAy ‘eliA30.101wA|od ‘sisaus3odAy
(8E99T9) | oy Ano: : died 109 Japew AeJ3 oid & T o SUI0IPUAS
1eY AJ4n2 asou 3Joys saanssy [edgad|ed uijue|sumop winso|ed snd.od “a33ew Ae.d a1dojoaay ‘Ajljigesip [en3os||93ul {(%T T T) STVD Jpietion) MOLN SIOWSSUN AL
WINO ‘wsiJola1dadAy Buissoq |ejuody ‘eisejdodAy aoeypia 'S9.N3e3) 21YdIoWSAP |B1D€] ‘BluJday [ed1jIguin ‘sa4nzias ‘Ajeydad0.1oew JoITdAT PAURWS
sdil I “S3131[BWIOUGE [B39]%(S ‘AUjedoAw (UOJ02ESaW UIN|NJIFISAIP 21UOJ0D (930S ‘else|dIadAy
(00g29T) ‘wsiyjeusod ‘axejed patple YSIH ‘s1soid Mmctg _mmmc ploJAyzeed .>m_w_.u |eyuswudojonsp m.Eonco__mcmm .ﬁmc_swEon SN PENED) 13y g|| 9dA1 eisejdosu
INIINO el ‘sdl| U3[|oms 3oUe.ieadde (1) sLIRIey ) SAIIY] 0 94N|IE4 "SIAISU [BAUIOD X213 ‘SEUOINSU [BSOINW auludopua a|diniA|
1ey saiuail ’ IB1984 9! 4 ‘ew03A20Wo.1y20ayd ‘ewouldted ploJAyl :2UWOoIpuUAs d13sejdoauollewey JoojdAL
00TTET) sopnded eABuS .SomcE plournJed .wEoc_L#mwm Jowny apiydad ,mczmw#__OmgAmEOC._ﬁm_oa | 5dAY else(dosu
3|diyn|A "sewoua3e||0d ‘sewolqyoidue [e1oe) a1dijn *SEWIOU38e|02 'seulod)| 'sajnoew pajusLBIdodAY (%0t) S1v D Joiauas INIW aulIDopus 3|diyn
NINO [ANIA Il qyolsue [eped 9|dij NN *SJOWNI 3UIIDOPUS JOITTAT 1120pu= 9[diyNIN
Jay uol3p1sajiubi [DIU3PO.IO PUD [DI2DJOIUDID) SaIn)paj [pJauas pup [p2IdA| E SNoaUD|[a2SIA
(ZSELT9) "9ejed MoJLIeU ‘BILIRUSO119Y "SP|Oy [eypuedlds :sadiay o1y} '$30942p [BHUSIP ‘ASUpDY 90YysasJoy eluojodAy :(3usnbaujul) STy JbIatpD) SWOJPUAS UI|UOD
ININO ‘S1e3 395-MO| ‘Ajleydanoyljop ‘90ey4 JejnSuel.i} Aleydaso.iin| 'S913|N2uIp Su1pas) punojo.d ‘91n3els J4oys JpoIdAT 8EU0d0 -loyg-luepueyd|nia|
"BI1Y12US0.433J ‘YINOW JO SISUJ0D PaUINIUMOP | Swsejdosu :S10a)ap [B1ISIP :530249p DelpJed ‘Aejap [eauswdolansp (%06 >) STV Jpiatias)
¢2(09808T) ‘ . : ] j T SWOIPUAS
sdi| uly3 ‘e1yeusoUdiu eJa|ds an|q :peaya.oy SUOIJBUIIO)BW SIBYI0 T2l 5SS IBAl
WINO JusulwoJd ‘9.4 Je|nduell ‘AjeydadoUdeul SAITe|OY ‘AJJDWILIASE APOQ ‘S94N3E3J [BIDBJOIUBID ‘UOIFRP.IBIS. UIMOJS JDDITAT I d s
. siapJosip
42y UOI3D1SajIubW [DIUBPO.IO PUD [DI2DJOIUDID) $2In}paj [pJauas pup [pIIdAL EVED) Supupduis nuouss)
. o . . - uoljejuswsidodAy
(0G2siT) 5 sisojel2xIadAy ‘S0 a|dinul ‘081|RIA ‘SaUISIIUR| DIt ’ )
sayojed pajuswdidiadAH . . . . OTLIN pue -JadAy
ININO SV ‘UoiiejuawdidiadAy asnyip ‘sejndewl Jes|-yse pajuawdidodAy Jo3.e| JooIdAT anissa.80.d [eljiwe
“uoljijusp pace|d AjJe|n3a.ul ‘s1osioul [eljusd a3.e “winjeAedxs snjoad :BulAe.d sunjews.d ‘(pjiw ‘saydied pajuswiSidodAy oot
(¥8STT9) ‘uondnua gwwopmwo:u__uwﬁ_v U_w\/m_wm._ ‘m_Ewoc.m_ Hmwc_mﬁm\é_ i p . ' PHSIV SPEdpen 59 Mr‘éocgw 0TXOS 3¢ 2043 awopuAs
INIINO y . : 3unquap.eepn

{SMOICRAS/SBYSE|AD /XD0[2404 9HUM ‘WISIUIG|E Je|nd0)

UOI}D]S3JIUDW [DIUIPOIO PUD [DIIDJOIUDID)

2180j0JNnau ‘sso| Sulieay [B}USBUOYD) "BUIOIPUAS Alejuswsid-Aloypne JooIAL

$a4n)baJ [pJauas pup [pI1dA|

Abmyjpd Buipusis | [y

“uolenunuo) T 3qeL

199
Rev Assoc Med Bras 2023;69(1):195-202



Craniofacial findings in syndromes with cafe-au-lait spots

"90UDJ2J2J 19y ‘UB|A Ul 92UBHIBYU| UBI[RPUSIA SUHUQ IINTINO (S30dS Jej-ne-a4ed :5TvD

| 2dA
(022012) ‘eljuopooiw ‘eisejdodAy [sweud | S3094op |eSIP SSWSAINaUE ‘UoilepJlelad [ejuswl ‘uoiiezuswsidodAy 'Sy Jpiatan) wsyJemp |eipJowrid
INIINO "JO0J |eSeu Juauiwo.d isuea ||ews ‘elyjeuso.)ay "SUOITBWIO)[BW [BID[EXS Ajleydad0.diw ‘©Nn3e3s 140YS 242A3S ;JDIITAT LNOd o13se|dsApoa3so
2ljeydasodin
. . 'so|ddiu paoeds Ajspim ‘wnjeAedxs snydad (Ajixe| Julol ‘sn3jeA snyigno ‘Aejap E[WENRET
sdi| 1Y) ‘a3pluq [eseu ‘ ‘ ‘ g .
. . 93en3ue| JuswdolaAsp 10J0WOYDASA paAeISp (UIXS UIYl ‘BuwspaydwA| ‘SyD Jpiaua0) J13A00UoWORAW
(£96£719) passaldap ‘saunssy |esgadied uijue|sumop ‘sisoid .
. . . . BIWSXN3| 213A00UOWO|SAW 790 3|IUSAN[ INOYIIM JO
ININO WS110[9142dAY {S1e3 19S-MO| ‘SJea a3Je| ‘wnJy|iyd . .
SUO| ‘D92, JeINSUEL 1 SUISSOa [E1UoLL JIIEU Ut 3[1USAN[ 03 A1[1G13da0SNSG "Sal[BWIOUE |BI3]3%SO|NISNW /|EWISPOIIS ‘S}OUSP U3IM JSPIOSIP |
! 348l K oUISSOq [0 ey Uiy L SAI31US0D ‘YIMO.3 padnpa.l ‘9seasip delp.ed ‘wsiydiowsAp [e1oey JooTdAT -9WOJIPUAS UBUOON|
'S|143S0U pa3JaAaluUe ‘98pllq |eSeu 2AMEYS 1IoUs
2(909919) 1el) ‘wstioRadAY »mn_ou:mﬁcmu_gm ,mwgzmmc_mbmg_mq "y29ads Jood ‘saunzias ‘eluojodAy :5yD ‘Saljijewlouge ZEFwEmE NIJEDELD) XVIN SWOJIPUAS
WINO Suljue|SUMOop {s.1ea 395-MO| ‘Aleydadoydi|op/oidiiA| 59UMIES) [EDEY | iyl O 1 SWOSOUIOI Bupy
HUEl P IARY LRHOP/O! o1yduowsAp ‘Ajeydasoudiul ‘Asda|ids 19sU0-Alied ‘Aejap |ejusuwdo|aAsp JOIITAT
. . . 'S94NZ|13S ‘WNso||ed snd.od Jo ouasqe
(¥081¥09) 950U Juaulwo.d (Sso| ulieay (Yol . . . RN Areydasouniw Asewud
90eds Ajopim pue padeys-|ea1uod ‘Ajeydado.dl (8213102 21yd0.13e :5uid|qo.d [EI0INEYSG Sy D JOIBUIS | ZdWHSHAD SAISS9D9 [BUIOSOIN
WINO P ISP PUE podeys-[ed] ARy W 'S319B4 21YdIOWSAP 3|gelieA ‘Aejap |ejuswdo|aAap ‘Aleydadoudiw JoodAT : ! nv
Z 98ueydxe pljewo.yd
(£L608T19) “9Y1|-ploJago.d saunjeay |eioey o1ydaowsAp ‘AyzedoAwolp.ed paje|ip \paAe|ap |eausWdo|aAIp pliw ST JDIaUaD) 193S1S pasea.dul pue
ININO ‘Aleydasoolin| "Aleydao0101w ‘91N3e3s 310YS UM UOIID113SaI YIMOJS DITTAT vedOL U0I3214359. Yymo3
‘Aleydanoni|n
(929219) 950U 98pLI] PeOIq ‘SPWISIGRLS "S109J9p |esIp .mm__m.Eocm Jelp.ed [e3uaduod .co_mememL. [eIuUBW ‘D) ;JDIaUaL) SWOJPUAS
‘sjsouIydoleydalq 'S1ea 195-MO| ‘AlRYdar0IA Jew||ey paysi|gels sl 94n3els 1oys -2uas 103dadal T 103oey MTH9I uols|ap J4a3b-9zbgt
WINO : : ’ ’ : U3MOJ3 31|-utjnsul ay3 Suisseduwlodou 191b-9zbG T awosowo.yd Jo uoi3a|ap JoIIdAT 3WOSOWOIYD
"199)/Spuey 93.e| ‘$3SAD UO( {WNJRARIXS SNJ0ad (S$)09J9p 1Ieay 94njeis
. ‘ 3 . . . SWOJIPUAS
(G/9€19) ewol|3 213do ‘wslioja1dadAy |3 :UapJosIp AYIAIIOBISdAY 31DUDSP-UOIIUS}e BUlPDL (%E6) STVD JDIaUaD) | pajlodau Y
INIINO (%E6) S9INPOU 2SI (sa10.) 951800 Aleydadoloe|| ‘Sjowing} aAJau [esaydidad Jueudijew 4oy sl paseaUdu] ‘Sewolqyo.nau 10N HoIPP CTIDLT
. . : 3UWOSOWOIYD)
J3QUINU SAISSI0XD ‘UOIIEPIB}aJ [BJUSW ‘WSIYdIOWSAp |e1oe) s|qelleA ;JoIdAT
(08sc1€) sapey Jejnsue] .coszEwL £>>mtm Squui| pue yunJl jo mme,m J17eWOJY2e [§VD ‘.\.Em:mo LMoL paYUI|-X ‘DUWOIPUAS
INIINO SoleWa4 Ul P|IW ‘S3|BW Ul 943ASS — payul|-X ‘Ajeudoue AdejuswSid ;JDITdAT J9A|IG-[|9SSNY
‘eulouspe Aleyinyd
ez+(086097) Jley pad ‘Bwo3Ad0W0.d0ayd ‘eulouspeo.qy Adewlwiew ‘eisejdiadAy ploJAyy
INIINO ‘WISIINSIY ‘ewoxXAW pljaAs ‘uolrejuawdid [eAizounfuo) | Aje3swo.e ‘9seasip 3uiysn)) ‘else|jdsAp [eusUpe (%06 >) STV ‘IASU ‘SaulBijua| Joiatan) VIdvAdd xe|dwod ASued
"SUOISS| pajuaWSId DUWOIPUAS eisejdoau a|di3nw JoITTAT
‘93ejed/di| Y32 ‘e1auopodi|O Jiey AinJdun | AjA1oepoul|d isnue a3edoiadul] {Adusidyinsul d13easdued aunjies JaAl| isajddiu jjews
(008ete) . . . . ‘ ‘ . BT SUI0JPUAS
pue apuo|q :3uim |eseu d13se|dodAy aenysy [ewide| $199J9p 14eay ‘eluojodAy aseaud Jewjed asiaAuUe. ‘S3994p d(eds ‘v [JPIalan) 749N 2 211E-UOSUELO
WINO -SNO3UBIND ‘WSII0|33JadAY (s50| Sulieay Ajeydadoolin| 'S91N3e3) 21ydIOWSAP ‘UOIIEPIE}R [BJUSW ‘©INJRIS JI0YS JJDDTTAT P ld- uor
'S30949p [eHSIP ‘elUJBY [BDI|IGUIN J03Jap JJeay Jo.ejul [e3ididd0
(£62519) ‘(djeas) 30949p Auoq pue eise|de siinD /|edodwiay is|ieuso] oipse|de/o13se|dsAp ((a1ed) SO ‘ejelowdew siind Joialo) 1903 Low_mEMH__uwc\»w
WINO 'S309J9P qUUI| 9SJISASUE.I] [BUIWISY PUE SI3ND eise|de :JPoIdAT IO-sweEpY
‘91ejed,/dl) Y3 ‘O1ejed paydJe Y31y ‘sdij painssy 23U 1Joys uollepieial
(00£892) ‘SJea paullojjew 2e|e [eseu dl3se|dodAy ‘ws|io|a1dadAy UModo) snjeydadodpAy ‘91900 eydadus (s3SIp Adejuswipni ‘sndjeA-auinba
. \ . ) ) . ——— | z0D>s3 SUWIOJPUAS 34970y
ININO BJ9[2S 9N|q ‘BUIpNOo|D [BaUJ0d ‘Sowjeyydoxa sadijey iuappe|q|es Adezuswipnd {5y ‘Saydjed pajuswdidodAy Jo1ata9)

‘ellol3ueway [B10e4pIuUl ‘SISO3ISOUASOIUE.D ‘AlBydad0dI|A|

uol}p3sajiubwi [p3U3PO.O0 puUD [DIIDJOIUDID)

'SI|EWIOUE [BUR./JBIPIED/|BIUBID ‘UOIFEPIE}D. [BUSW ‘Bl[aW0d0yde.}o) JDDJaAL

$a4n}baj [pJ2Uas pup |PIIdA]

SNoaupj[assi

“uolenuuo) T 3qeL

200

Rev Assoc Med Bras 2023;69(1):195-202



Carvalho, A. A. et al.

the Ras/MAPK signaling pathway, which regulates the dif-
ferentiation, migration, and survival of melanocytes, as well
as proliferation, melanogenesis, and melanosome transfer’.
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 syndromes'".

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 1*° and Mulchandani-Bhoi-Conlin
syndrome?! 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 perturbations®. In these cases, CALS occurs as isolated

lesions with low occurrence.
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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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