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Genetic hereditary diseases
1. BNERARET S
a.Capillary Malformation Arteriovenous Malformation (CM-AVM)

CM(Zport wine stain& HIE(EN., BE (EsporadiclcFEE L. FERDO.I%ICFEEL. GNAQE
7z[EGNA1 1 Msomatic mutationlc KD EEHNTLD, TNICHLT. CM-AVMIZHKIS000A(C
O & DF4E T Dautosomal dominantDEETH D, CM-AVMICEET ZCMIE. HBIBYIC(F1-2
cmM<SSVWTEWEY ODRAHD 27 FZ LTH D B, AR NURICSVILCRET
%o FEAERERBERMNSHFET DN, NBHCEHUWVRELNRET 23560H D, CM-
AVM1 ECM-AVM2HRE =N TS,

CM-AVM1 (&, RASA1 gene®@mutation(C&k>TH I D, CM-AVMOFHEICRIE S TLY
%, FEBIEGHRBEDSIVER T, ZHARBEE &S, RASAT mutationh't2Z % ERAS
signal transduction pathway’ negative regulation 9 %p120RasGAPDEEN k11, RASD
BEREREN R D, D&, RAF/MAPK pathwayZ /N Uzsignalingh\ i 9 2 Z & (C K D8
ADFE SIEEMNMRI D, £z, P13/AKTDsignal DIFF(C & DHMBOEFEI R SIND, 3RT
DHBFAUZEICHEWT(E. VEGFZN LIcHBRaDIBiis. BE. HRMKIC(ERasDIEHENRETH
%, RASOBENEML(E. EBALMEIICH VLT, ERKEN LIZME2I8IEE ERKEP13KZENL
MR DBEEZFEHT Do N UT. p120RasGAPDEEEERE (. VEGFDEFE T CHREMRRDE
BIBEEBEZRI T EEZS5ND,

CM-AVM2(d. EPHB4DERZE(CK>TEID. RASA1 negative DCM-AVMODHFHEL LI
CDOEEHNRDHS5ND, EPHBA(EItransmembrane receptor T, MEBDFKLEELPE T, FBIROAK
BRRIC K DZ <K HEIBRT D, ZDligand THDEFNB2Htransmembrane receptor T, BIARDMLZHB
RICHKIRT %, EPHB4/EFNB2 interaction(&. NOTCH signaling& & % (Carterial-venous
differentiation@EEER IV ,O—5—&KR>2TWD, CM-AVM1E LV 2 DEET(E. RASATR
LWUEPHB4DKEEREIC K D, RAS/MAPK/ERKRDIBEHEELIEC D EEZ 5ND, CM-
AVMI1E KV 2 DBEBICHEWVWTREDL BN, ZRTEICHKET DI E(E. RASATPEPHBADKERE
HHBREL NIV THEK T B 7= (C(dsomatic second hithhhBRZ & ([CK>TERBASND,

CM-AVM2DEGERIRIE. ZFIMEDCM, AVM EBier spots TCM-AVM1 E$BIILTWS, Xz,
ORAE & @3 Dtelangiectasiab K< BE5. CM-AVM1 & DERICFIBTE S, Fast-flow
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lesionDFEE (X, CM-AVMI1 T31%ICx LTCM-AVM2TIE18%, iR RICIR2 & CM-AVM1
T10%, CM-AVM2 T3% & IRESNTLD, K7z, Vein of Galen Malformation (VGM)($:@Z& D
review CIE8HINIRETNTE D, CM-AVMI1 TH2THRSEINTTLS, Parkes-WeberfEfz
B & cervico-facial AVMDBBE (F7%TEES5HR UBEE =ND,

b. Hereditary Hemorrhagic Telangiectasia (HHT, Osler-Weber-Rendu syndrome)
HHT(Xautosomal dominant®&EE T, 5000 A LT BDEIESTREL. REMOSBM THRET
BZENBL, O, REE, BB, FRECHKETDIRHHOVIARBMBILRE. RATEIFIE100%
(CRAET DD, 108, 200X TIHIE>ED LRV &EAZ L\, BEFARS (M. ATRE. AX. &8,
BILBREICRET D, WMDEEFIRTH(EH0RICHKET D HRIERDIND2(E. FHDAVMA
5 MDparadoxical embolism(C K DAMEZEPIIRZIC KD, RO D3HD1 (3. NBNERRFTHIC K
%, ERERZHTICAL\ SN2 Curasao criterial3iR& TEZMEE NN S < BATH D, SporadiclCiel
ZNENEMBT N LR ETH DEEI%TH DN, HHTTIEE0% EHRE=NTH O, micro AVM
(Esporadic/RfkENERARSH TIX7%Z S BH. HHTTIF43%ZEEDH D,

Krings5(C &2 & HHTICEH T DRHME SA2% "capillary vascular malformation (CVM) 7,
AVM, AVFICD$ET D&, CVMARDHZBIBICTEO SN, AVMIZA3%, AVFIE12%(CFRH SN
oo Tz, 44%TZOULEOMEFTEHARD S5NTce CYMIEIRT I ecmllFTT Y b EICREYR
(CEEUTC. AVMIFT-BecmDZ &M%, BIFRRTT Y h LICRAEM(CHFEE L, AVF(GEE
89(c (Esingle hole®macro fistulaTT Y b EICREMICHFEL. BEEECEZD >, REDYAT
FLRMEGFERETFEDOEREIEBN T,

HHTIZZ DBIEFRIBHS 5 BHAESN TS, HHT1(Iendoglin (ENG), HHT2(Zactivin
receptor like-kinase 1 (ACVRL1/ALK1), JPHT (Juvenile Polyposis-HHT syndrome)(&
mothers against decapentaplegic homologue 4 (SMAD 4)DEAZE T D, HI8SBDHHT
[FHHT1RLL2T, (FE&EAEDmutation(dD— REN A BOEEEETREAIED
missense’& L\ Ldeletion mutationTd %, HHT4E7p14 B8R LTE O HHTS(dgrowth/
differentiation factor-2 gene (GDF2, bone morphogenetic protein 9: BMP9 & HIE(EN3)D
mutationTH 2B, HHTSEHHTD#1-2% ULHVEL, NS DEREEGRFIF. TGF-B8 R—/\—
7 7 U —msignalingZ PN g d7cAld<Zencode I DEETFT. MEBEDremodeling&
hemostasis|Cf59 %,

HHTOR—RROPTHRBE(C/INV I -y 3 UhZNZ & (&, REDHRE(C(Esecond hit
mutationhABR=HERBHOND, PTPNT14EADAMI7EWSBIEFDOEEN. HHTICE (32
BMSECEVTREINTS D, PTPN1ADOZERFHHTIH K U200 0MENEREZCH L\ THR
SNTVBEH, ADAMI7DZEE(FHHT Of#EERREHICELWTOAEREINTLSD, ADAM17
(&, TGF-BICHHSNZMEFHICEAST S,

HHTIC&# L7EVGMIE. ACVRLT EENGHA—HBIT DIRE N TL\D,

c. PTEN Hamartoma Tumor Syndrome (PHTS)
PTEN(IEZ/tumor suppressor gene CIEDFEA(CRIE5 T D, < Dmutationh®AVMZEHELET B
B (FBES DT> TULRLAY, PTEN(FVEGFZdown regulated 2 EAEISNTL D,
Cowden syndrome®80%, Bannayan-Riley-Ruvalcaba syndrome®60%, Proteus like
syndrome®50%ICPTEN®Dmutationh\58& 513, Autosomal dominant. FEIR(FEBIC KT
SEIETTUTOERD, AmTHI>THLKL,
RE(F30MLFICHKIET B NS < HIREFHIFI0DZ WV, —E£DSBICHADRET D
D20 (E, IDADNEE%, BIRIR35%, BN A 34%, FEHEEE 28%, KEBEH A 9%, melanoma
6% E, REEELlipoma (FLE. Gl tract). Acral keratosis (extremities). Papillomatous
skin papules (285 & 2 TH6). mucosal papillomas (F. &X. £FEA). Trichilemmomas (hair
follicleiER). Fibromas (£8). F£7=. Gl tract®RYU —T(ISBEHIE <. colonoscopy #1T5
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EIONLLEICFROSND, ZDMh. FLEDfibrocystic lesion P EBIRERDmultinodular goiter,
Hahimoto’s thyroiditis®% L\, MEXRTlE. hemangioma, AVM, DVAD2Z 3,
Macrocephaly(d94%(C#2Z D . brain tissueDovergrowthlCK>T#eZ O, dolicocephaly D&
[. AutismbHiel 3,

mutaionlc & > TPTEND#EEN KN D &, P13K/AKT/mTOR pathwayh\teZ 2D T, mTOR
inhibitorDrapamycinh&hd 2ol fEEN D B,

2. Ttk
a. autosomal dominant: Neurofibromatosis, Tuberous sclerosis, von Hippel-Lindau disease,
Hypomelanosis of Ito,
b. autosomal recessive: Pseudoxanthoma Elasticum, Xeroderma Pigmentosum, Ataxia
telangiectasia,
c. varies by type: Ehlers-Danlos syndrome
d. X-linked: Fabry disease, Incontinentia Pigmenti,

Genetic non-hereditary diseases
a. Sturge-Weber syndrome (SWS)

G protein subunit Alpha T&%$GNAQ& GNA11Msomatic activating hot spot mutation [C X
dEEIND, NORMERE & BEO =X @EMEisDport wine stain,
kMFEZ 29 Bneurocutaneous syndrome T, B TANA. FBEEMERTEZRI T, KRRE
(F. BFRAERARDMATIL & ZN(THES EMME & MERARDangiomatkDIBE S K OEIBIMITEEE LT
transmedullary veinDiRiRHY) 223 Z & hipial angiomatosisDAEEE SNd, FNICK>TE
At MOEMMESIMENS O, —RINDOZEME. Bk{L (tram-track calcification) , pial
enhancementh‘\t2Z %,

b. Klippel-Trenaunay syndrome
A¥Eslow flow vascular malformationz &9 %,
c. Parkes Weber syndrome
Fast-flow vascular malformation Z&#39 %,
d. Proteus syndrome
Proteus syndrome is characterized by partial gigantism and asymmetry of the limbs,
connective tissue nevi, hemangiomata, lipomata, lymphangiomata, linear verrucous
epidermal nevi, hyperostoses, and tubular bone overgrowth
e. CLOVES syndrome
f. Mafucci syndrome
g. PHACES syndrome
h. CAMS & SAMS
i. CVM ( cerebrofacial venous metameric syndrome)
SWS[EZD—8& LTHIBETE D,
j. Pseudo-metameric cerebrofacial venous syndrome
DVA, DSAI(Zcavernous malformation ¥facial veno-lymphatic malformationz &4

REPRZBY 2 PRERERMESFH(CNT SMERNEE

1. CM-AVM: B, BBECHWLT(Ehigh flow pial AVFANEE AE T, FERROWVDAICHDD 5T85
WREWBD, 1L BERDBE R HIREMRZEF DR ESRIFHDERITETH D, I
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JL. NBCAZRBWETAELRERE MRS, Vein of Galen Aneurysmal Malformation (Esporadic
onsetlC#EU TEEZIT S,

2. HHT: CVM, small AVMA'MEBEAREEDBEIL ERD I E(FFEAERL, Pial AVFIEEEEIN &R
3. BEAE(Esporadic caselC#F D, PRPBRTIFRLA, SEONITY KO—-ILRRDIH
B3, particle embolizationD@f & 72D, DR, MBERMEBOETERZHER I DL, KED
DparticlezZFAVWSZ ENEBTH D, ERMEFVINEFEBEL. SROHNERLUZERERE UM
BEBULWTERTZT S,

3. PTEN mutation: &= FE2M(E SN TULRWAY, BEFREYICPTEN mutationh\ 5N S AEHI TEER
BEENESATE. paraspinal AVFZERZEEL TS, EESUTHBERNSVEIREF >TWND,

4. CAMS, SAMS: CAMSOAVMEURA M TERBRBBEZNTET D NS BB ERSNTE
KHTICEDBEDOEIN D, SAMSOEERTH Bdiffise’d 2 &A%< REBEREETH D
O, EREEREICK UTEBEZITS. INSDEBHsporadiciRAEAIC L UTdynamic THE
BBICEKDEDAARE,

Morphology Angioarchitecture
AVMs |/ AVFs >
(812 / 19%)
/"'J‘ / \
pd / %,
.J'f/ ;F \
e N
Genetic Focal
Genetic non hemdlty (Incomplete spectrum®?)
Hereditary - ~ 1||
(Germinal) \tetameric o i
iorg (SAMS 1-31) Syn}?_;'%mlc ;:-c:al mlrladural\\
L (6.4%)
MAVF) ; : PWS o -
oo Multm;y:g;?menc @.2%) 724%)  06% 3.2%

Table 2 Curacao criteria

Cnteria Characteristics

Epistaxis Spontaneous, recurrent nose bleeds

Family history A first-degree relative with HHT
Telangiectasias Multiple telangiectasias at characteristic sites

(e.g., lips, oral cavity, fingers, nose)
Visceral lesions Gl telangiectasia (with or without bleeding),
pulmonary, hepatic, cerebral, or spinal AVM
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Required Criteria

Pediatric criteria for consideration of PTEN hamartoma tumor syndrome

Secondary Criteria

Macrocephaly (>2 SD)

At least 1 of the following should be present:

e Autism or developmental delay

Dermatologic features (lipomas, oral papillomas, trichilemmo-
mas, penile freckling)

Vascular features (arteriovenous malformations or

hemangiomas)

Gastrointestinal polyps
Pediatric-onset thyroid cancer or germ cell tumors

Data from Tan MH, Mester J, Peterson C, et al. A clinical scoring system for selection of patients for
PTEN mutation testing is proposed on the basis of a prospective study of 3042 probands. Am J Hum

Genet 2011;88(1):42-56.
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Fig. 3.1 Molecular signaling pathways of AV specifica-
tion. In arterial fate, VEGF signaling is initiated when
VEGF ligand interacts with a VEGF receptor complex
consisting of VEGF Receptor 2 (Vegfr2) and neuropilin |
(NP-1), inducing Phospholipase C y-1 (PLCy-1) activity,
stimulating the RAS/MEK/ERK kinase cascade to induce
multiple genes in the NOTCH pathway, including the
ligand DIl4 and the receptor, NOTCHI1/4. EFNB2,
VEGFR2 and NP-1 are also expressed in response to
VEGFE. NOTCH signaling starts upon DII4 binding to
NOTCH receptors, followed by receptor cleavages and
NOTCH Intercellular Domain (NICD) release into the
cytoplasm. NICD translocates into the nucleus where it
associates with the DNA-binding proteins (RBPJK) to ini-
tiate transcription of the downstream targets HES and
HEY. Activation of NOTCH signaling maintains inhibi-
tion of COUP-TFII, EPHB4 and PROX 1. BMP9/10 bind
to a heterotetrameric complex composed of ALK and

Nimi Y

DIl4

Arterial Cell Fate in Ecs

BMPR2. Endoglin is a co-receptor of this complex and
enhances signaling. TMEMI100 receptor in known to
interact with BMP9/10. Following ligand binding, recep-
tors are phosphorylated and propagate signal through
R-SMADI1.5.8 phosphorylation. The R-Smads subse-
quently associate with SMAD4 to regulate target gene
transcription in the nucleus (EFNB2, N-cadherin, BMPs,
ENG. HES. HEY and targeted genes by VEGF pathway).
Stimulation with BMP9/10 leads also to activation of
PTEN. In venous fate, EFNB2 binds and activates its
receptor EPHB4. Forward and reverse signaling can then
take place. In forward signaling, EPHB4 recruits and acti-
vates pl20RASGAP (RASAI). RAS is inactivated,
resulting in maintenance of RAS/MAPK/ERK and PI3K/
AKT/mTOR pathways in inactivated state. Expression of
COUP-TFII leads to inactivation of NOTCH target genes,
and continuous inhibition of expression of arterial genes.
(red color = active protein)
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Table 2 Nonmalignant manifestations

Manifestation

Estimated frequency

in CS/IPHTS

Macrocephaly Up to 94%
Lhermitte-Duclos disease 2%~15%
Cognitive impairment (DD/MR/ASD) 10%-20%
Thyreid goiter/nodules/adenomas/thyroiditis 50%—70%
Trichilemmomas 6%—38%"
Oral papillomas Unclear*®
Acral keratoses Unclear*
Pigmentation of the glans penis Up to 54%
Gastrointestinal polyps Up to 93%
Glycogenic acanthosis Up to 80%
Wascular anomalies Up to 35%
Lipomas 30%—-40%

Note: *True frequency is unclear as not all reported cases have had histologic

confirmation by biopsy.

Abbreviations: C5, Cowden syndrome; PHTS, PFTEN hamartoma tumor syndrome;
DD, developmental delay; MR, mental retardation; ASD, autism spectrum disorder;
PTEN, phosphatase and tensin homolog deleted on chromosome | 0.

Table 3 Clinical diagnostic criteria

A clinical diagnosis of PHTS can be made in an individual having any of

the following

I) At least three major diagnostic criteria (one of which must be

macrocephaly, Lhermitte-Duclos disease, or Gl hamartomas)
2) At least two major and three minor diagnostic criteria

3) Has a relative with a clinical diagnosis of PHTS or a known PTEN

mutation and has either
a) At least two major diagnostic criteria

b) At least one major and two minor diagnostic criteria

c) At least three minor diagnostic criteria

Major criteria

Minor criteria

Breast cancer

Epithelial endometrial cancer

Follicular thyroid cancer

Three or more G| hamartomas/

ganglioneuromas

Macrocephaly

Adult-onset Lhermitte-Duclos disease

Macular pigmentation of the glans penis

Mucocutaneous lesions

— Three or mere trichilemmmomas —
at least one biopsy proven

- Three or more palmoplantar pits or
acral hyperkeratotic papules

— Three or more mucocutaneous neuromas

- Oral papillomas — either three or more,
or at least one biopsy proven or
dermatologist diagnosed

Colon cancer

Renal cell carcinoma
Papillary/follicular variant
of papillary thyroid cancer
Thyroid structural lesions
WVascular anomalies
Three or more lipomas
Testicular lipomatosis
Three or more areas of
esophageal glycogenic
acanthosis

Autism spectrum disorder
Mental retardation

Note: Adapted with permission from the NCCM Clinical Practice Guidelines in
Oncology (NCCN Guidelines™) for Genetic/Familial High-Risk Assessment: Breast
and Ovarian V.2.2015. © 2015 National Comprehensive Cancer MNetwork, Inc.
All rights reserved. The NCCN Guidelines® and illustrations herein may not be
reproduced in any form for any purpose without the express written permission
of the NCCM. To view the most recent and complete version of the NCCN
Guidelines, go online to NCCM.org. Mational Comprehensive Cancer Network®,
MNCCHN®, MCCM Guidelines®, and all other NCCM Content are trademarks owned
by the National Comprehensive Cancer Network, Ine.®

Abbreviations: Gl, gastrointestinal; JNCI, Journal of the Mational Cancer Institute;
PHTS, PTEM hamartoma tumor syndrome; PTEN, phosphatase and tensin homolog

deleted on chromosome | 0.
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Table 2
Syndromes with a predominant vascular malformation component

Syndrome Associated Phenotype

Vascular Component

Sturge-Weber syndrome Facial capillary malformation and vascular malformation
of eye (typically glaucoma) and/or brain

Capillary malformation of face; conjunctiva, episclera,
retina, and/or choroids; vascular malformation of the
brain consists of hypoplastic cortical vessels associated
with enlarged and tortuous leptomeningeal vessels and
often dilated deep venous vessels

hemihypertrophy, exostosis, cranial hyperostosis, visceral
hamartomas including lipomas, vascular anomalies, and
epidermal nevi

Klippel-Trénaunay Superficial vascular stain of the skin in association with soft Capillary, lymphatic, venous, or combined slow-flow
syndrome tissue and bony hypertrophy of the affected limb and malformations
varicose veins with or without deep venous anomalies
Proteus syndrome Soft tissue and bony hypertrophy of the hands and feet, Capillary, lymphatic, venous, or combined slow-flow

malformations

Parkes Weber syndrome Overgrowth of an extremity linked to the presence of an
AVM with multiple arteriovenous fistulas along the
affected extremity addition to a cutaneous red stain

Capillary malformation and AVM or fistula

PTEN hamartoma Macrocephaly, macrosomia at birth, lipomas,
tumor syndrome hamartomatous intestinal polyposis, variable degrees
of developmental delay, and pigmented macules on the
glans penis, mucocutaneous lesions, such as facial
trichilemmomas, cobblestone-like papules on the oral
mucosa, acral keratosis, and various papillomatous
lesions

Capillary malformations, sometimes multifocal AVMs

CLOVES syndrome Congenital lipomatous overgrowth, vascular
malformations, epidermal nevi, and scoliosis

Capillary, lymphatic, venous, or combined slow-flow
malformations

Maffucci syndrome Enchondromas and vascular anomalies

Venous malformations within bone and on hands
is common

Table 1. Diagnostic Criteria for Proteus Syndrome

Mandatory general criteria
Mosaic distribution of lesions
Progressive course
Sporadic occurrence

Group A

Connective tissue nevus
Group B

Epidermal nevus

Limbs
Skull (hyperostoses)

Vertebra (megalospondylodysplasia)
Viscera (spleen and/or thymus)

Bilateral ovarian cystadenomas
Parotid monomorphic adenoma
Group C

Lipomas
Regional absence of fat
Vascular malformations (1 or more)

Facial phenotype
Dolichocephaly
Long face

Low nasal bridge
Wide or anteverted nares
Open mouth at rest

Specific criteria (A, or 2 from group B, or 3 from group C)

Disproportionate overgrowth (1 or more)

External auditory meatus (hyperostosis)

Specific tumors before the end of the 2nd decade (either one)

Dysregulated adipose tissue (either one)

Capillary, venous, and/or lymphatic malformation

Minor downslanting of palpebral fissures and/or minor ptosis
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