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1. FU®IC

Vascular malformation (FAREFAE R IC KX DEBRSNTIIKRE T, B3EEL - Uik - ABFDEZICTH
EEL, &fE - Mgt - B - Bl - MBOERERARIEIRZSISHZ I, International Society
for the Study of Vascular Anomalies (ISSVA)7%48 (Table) T(XRZEDMITENRE(C K o T slow-flow
& fast-flow vascular malformation (CKBIU, DD IC K > TRIE(CIZERIRE A (venous
malformation (VM)), U >V IVEZH (lymphatic malformation (LM)), FE#ME SR (capillary
malformation (CM))AY, &E(C(IENERARSZH - & (arteriovenous malformation/fistula
(AVM/AVF))h'&ENS *>®. Vascular malformation DRELMEIEF & L TIE 1990 EFA(C hereditary
hemorrhagic telangiectasia (HHT)*° familial mucocutaneous venous malformation (VMCM)®D £
DM S ETEMERFIDZEE (germline mutation )W REB =N izDZEH#(C, 2000 £ (C(FMm
THBRRE (3 TI> R <, TREBRD DNA B[ £ DB RIIDZER (somatic mutation™)AMEE S
fo. SSIDEETRERREAY =T VU —DBEERITOESR(ICK > T, vascular malformation @
somatic mutation hW"RR EEKBEINTWS 2.

CNETHEREINTVWIBEFEEDEK(E, PI3Kinase/AKT/mTOR #2E&, RAS/MEK/ERK #%
WS T=MEF 4 (angiogenesis), U V/VEHFH4E (lymphangiogenesis)[CEER Y U F IUmERK L
DRFICEPLTLWS. PI3Kinase/AKT/mTOR ZBDES (PlKopathy)lC &k > T4 U3 vascular
malformation (& VM ¥ LM & W\ o 7z slow-flow DEDT, —7A, RAS/MEK/ERK RIBDESE
(RASopathy)(& high-flow DEH®D &R 21EEHH S >0 NS OREICRES T DEGCFDEREE
(SEMRZER (gain of function™ mutation) T 27, TE T(E vascular malformation [CxFLTZ
NnsOREODBREMEIL (overactivation) ZHNZ 2D FIEFEENEBESINTULD. AFTE
PI3Kinase/AKT/mTOR &Zi& &, FDRE(CK > THE U S slow-flow vascular malformation [ DU\
THEER T 3.
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Table: ISSVA 748 (B#EEYD vascular malformation D) (3CEk 8 &K DX E)

Malformation

Casative gene

venous malformation (VM)
common VM
familial mucocutaneous venous malformation (VMCM)
blue rubber bleb nevus syndrome (BRBNS
glomuvenous malformation (GVM)
cerebral cavernous malfomration (CCM)

familial intraosseous vascular malformation (VMOS)

verrucous venous malformation (formerly verrucous hemangioma)

others

TIE2 (TEK)/PIK3CA

TIE2 (TEK)

TIE2 (TEK)

Glomulin

CCM1; KRIT1, CCM2; Malcavermin, CCM3: PDCD10
ELMO2

MAP3K3

lympathic malformation (LM)
common (cystic) LM
—macrocystic LM
— microcystic LM
— mixed LM
generalized lymphatic anomaly (GLA)
— Kaposiform lymphangiomatosis (KLA)
LM in Gorham-Stout disease
channel type LM

"acquired" progressive lymphatic anomaly (so called acquired progressive "lymphangioma")

primary lymphedema
— Nonne-Milroy syndrome
— primary herediatry lymphedema

— primary herediatry lymphedema

PIC3CA

FLT4/VEGFR3
VEGFC
GJC2/Connexin 47

—lymphedema-distichiasis Foxc2
— hypotrichosis-lymphedema-telangiectasia S0X18
— primary lymphedema with myelodysplasia GATA2
— primary generalized lymphatic anomay (Hennekam lymphangiectasia-lymphedema syndrome) CCBE1
—microcephaly with or without chorioretinopathy, lymphedema, or mental retardation KIF11
lymphedema-choanal atresia PTPN14
capillary malformation (CM)
nevus simplex/salmon patch, "angle kiss", "shork bite"
cutaneous and/or mucosal CM (also known as "port-wine" stain)
—nonsyndromic CM GNAQ
— CM with CNS and/or occular anomalies (Sturge-Weber syndrome) GNAQ
— CM with bone and/or soft tissue overgrowth GNAI11
— diffuse CM with overgrowth (DCMO) GNA11
reticulate CM
—CM of MIC-CAP (microcephaly-capillary malformation) STAMBP
—CM of MCAP (megalencephaly-capillary malformation-polymicrogyria) PIK3CA

CM of CM-AVM

cutis marmorata telangiectasia congenita (CMTC)
others

telangiectasia

—hereditary hemorrhagic telangiectasia (HHT)

CM-AVM1; RASA1, CM-AVM2; EPHB4

HHT1; ENG, HHT2; ACVRLI, JPHT; SMAD4

—others
arteriovenous malfomation/fistula (AVM/AVF)
sporadic MAP2K1
in HHT HHT1; ENG, HHT2; ACVRLI, JPHT; SMAD4
in CM-AVM CM-AVM1; RASA1, CM-AVM2; EPHB4
others
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2. PI3Kinase/AKT/mTOR #2E& (Fig.1)

2TCOEMEEABORBZRAN LT, ZNICIHU CEYBIREZTDRINERSKRL. INZzdke
EULTWBOLMBRERY U IURETHD. MBREAIICFET 2LBLHEORAFINBHLSZ (T 72IE
REEEICROBRFANEZ, MREMNMRECENT DHDORIGZESIZRIT. BHIZ(SHBIEERF (cell
growth factor) PHIREENDRBIREREDI T FILZHEE L, BHBICHBRIEEZHIEHT S E T, BY)
BYA IV THRgiEZ S | Sk ULHEL EICHIfAEEZR (T BWVWELS(CIY ~O—-)LLTWS,
HRRAY U FIUBECIE CAMP POV DLAAVIREDEAY RAv LYY v—(C&2HBD, GF
VD& (G protein®)EN T 2 HDREFALARBIANEET 2D, MEHREPY VINERECEERY
I FIURERD—D TH S PI3Kinase/AKT/mTOR RE& (XY VIO E, FFICFOY YV (tyrosine)DV
VB EDPLE LY T FIVRERTH D.

PI3Kinase/AKT/mTOR #2& (3#BF2D proliferation, angiogenesis, differentiation, survival,
metabolism 72 & [CEERES U T, MRBERAGLTVNS ***"? EMCEVWTEZORBOAH RS
e, BCRBEE NEFELREORELBEDFSNTNS Y. 1 /Y =)L VEEE
(phosphatidylinositol) (3HBRZEEZ KT D U VIEBED—T&ET, VU FIUBERZDOICHRR RiBARHEEE
([CZ#E(CBIS LTED, phosphatidylinositol-3-kinase (PI3K)[C&K > T VEE{EEN, AV KXY
LYY v —& UTHRAICIERZIEZS. PIBK (T cclass |, I, DY T OSSR ICHEESN,
class I, Il DHEEEICEAL TR FLERALBRRINES <, HFETEHIEICEEN DY I FIUREICEEICEST
20D class | THS **?. Class | PI3K (I T 1= w k (catalytic subunit®) T2 p110 &5
it 2= w k (regulatory subunit®) T#% % p85 N 5742 84k (dimer™) T, MRERAICHZ G
VINOBHEZBIK (G-protein-coupled receptor (GPCR)), 1> F )Y (integrin)ZN U7=iBiziz
B, ZBREFOY Y FF—t (receptor tyrosine kinase (RKT))ZR EH S DERAZ BRREBIC K D PI3K
WSEMEEINB *®, RTK [C3Hk4 % class REIESNTH D, MEARRMBAEERFZS (vascular
endothelial growth factor receptor (VEGFR))HZ® 1 DT, FIMEARRMIAICHERNICHKIRT D
RTK & LT TIE2 (TEK) H% 0, ZOUHYVR (ligand)HMEHERTF T 3 angiopoietin (Ang) T
$2%%'?, Class 1 PIBK OfED T 1y hMIE5(C p100a, p100B, p1006 (4 F5NBH,
CDOSBEMEMICIE p100a DFHEAENRATRTH D, p100azREMHILT DI & T sprouting ¥
remodeling BE%3|E# 229 ®. Class | PI3K (FHBRZEDOHMEBRBOD 1 DTHIRRAIZ7FII
1/ k=I)-4,5-ERJ V% (phospatidylinositol-4,5-bisphosphate (PIP2))z= ) VE{L LT, KRR
27FIIIA /Y k=) 3,4,5-5U R VEE (phospatidylinositol-3,4,5-trisphosphate (PIP3))(CZ
U, PIP3(ETLOR LY VIBREIR XA Y (pleckstrin-homology domain™ (PH domain))’i & &S
LT, CThEFDMIRES VIO BEMIZEN recruit 33 **'?. PIP3 (& phosphatase and tensin
homolog (PTEN)IC &k > ThRY VBBt PIP2 &£74237=6, PTEN (& PI3K T3 )U=mZERED
negative regulator & U CHEAEET 3 *'®. Class | PI3K & PTEN [WLWIhE, LUITICBRRSZ AKT ¥4
FIUEBEDPDOHIAT « T—H—THD, IN5% encode TDELFDEEIEZ < DEBVYPMETHIE
ETROHSND.

Serine-threonine protein kinase AKT (protein kinase B (PKB)®D3!I#R) (& PH domain =#&5, %
VINOBERIRE, En-TFHREHE, MiaEEs ZELZHEGERBERCRASLTED, RIcnEHE
BIORBCE VTR REERZLTWS. AKT [C(E AKT1,2,3 @ 3 HE® isoform™h'd& D,
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AKT1 & AKT2 (3SEDOKEBDDEBICHE VW THEIRL TLDH, MERNKMITIE AKT1 AAEICHKIR
LTW3 2, AKT [CIXEBRY VELERGIN threonine308 (Thr308)& serine473 (Serd73)M 2 H
Fit®d D, ZnZhn 3-phosphoinositide-dependent protein kinase 1 (RN ./ I F RIKFMHF T
—+ 1 (PDK1))& mammalian (mechanistic) target of rapamycin complex 2 (IBFFES /N1 Y
12095 VIO BEEIR 2 (MTORC2))IC &> TU VEb=NS ®. PDKI (& PH domain 89 %7

&, PIP3 (&2 TAKT &&EH(CHBRRIE LT recruit =Nd 2 & TAKT @ Thr308 AL VEg{b=hn
3. FEFHBEDD > TLRLA, MTORC2 (& PIP3 ([C& - TEMIEL T AKT D Serd73 %= 1) Vgt
93. D2 DOTRID) VBLICKDFEMEL Uz AKT (&, ZOTRICHDY—T v NI VINOEB%E
UVE{td BT &T, HFBHE - 3 - &£7F - BEMREKRLGHEENCRES5 TS, KNS —T
w VWO EE LT tuberous sclerosis complex1/2 (TSC1/2)H" & (F5N, AKT &Ko T
TSC1/2 (dMHlEnS. F= TSC1/2 (FEIBEIRETEZ D TRICHIB Y 21860 FE GTPase  TH D
Rheb Zi##ld 3. Rheb (& mTOR complex 1 (NTORC1)D=F F+—tE5FH (CHEBRRFRFTH D7
&, LA >TAKTICKDTTSC1/2 ZiFISNndZ & T, BREYIC mTORC1 HANEE(LEIND

9 mTOR (& serine/threonine kinase T, &L L7z mTOR (FABERRAEADETT, § VIO BEER,
MEHEZIREL, —H T apoptosis Z#HlTD. mTOR (F5 V/INOEEEHRE ULTEE,

rapamycin (B3 1E%RY mTORC1 &, FEREZMD mTORC2 h'%H2 . mTORC1 DH&EED 1 DI
MRNA D'5 5 VINOBADER (translation)dliE#Ad% D, mTORC1 jE4ZAET S & T mRNA &
RHAMET IS Y. mTORC1 DFHILICEKD, ZOTRICHNEBET DERFBETF elF4EBESY VI
B 1 (eukaryotic translation initiation factor binding protein 4E (4EBP1))& ribosomal protein
S6 kinase 1 (S6K1)A'L vEg{bkE=Nns. 4EBP1 & S6K1 (FWITNHEERFIEICEAHLDRFT, L
922 ETEHRABEEZIY RO—ILTREED(IC, BREZRELT, RIKNICMEFHEN) VINE
HELCHFDY VI OEER BRSO REERFEFTLTWS "0,
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Fig.1: PI3Kinase/AKT/mTOR #2&

MEFERFPMERNRMBRIETERF %2 (FE > 7z RKT (&K 2 T PIBK ASEH bENS. EHEL LT
PI3K (3#ffR E T PIP2 ZEB E UT PIP3 ZEA L, ZNH AKT OFEMHILIC DN D, mTORC]
(& AKT O FRTEREILESN, YVINOBERZHIEIL TLD.

3. PIKopathy B:E®D slow-flow vascular malformation

PIK3CAEEF (S PIBK D7 1=y hTHS p100a % encode LTH DO, COEEGEFERIG
PIBK/AKT/mTOR Rz LK DiEMH b=, LM (epithelial cell) PREIZEEME2 (mesenchymal cell)
ZEBHIIEBOREREIBIBEIMBESNSD. PIK3CA BIZF®D somatic mutation (FEE PO BRI (F
Ti<, HERIEXZESHE T DBMRIEREEE (overgrowth syndrome)Z3| &2 9 *¥. PIK3CA B8&
DB RAEIZEE(E PIK3CA-related overgrowth spectrum (PROS) &I (I, HRAEBHIEEND
(Fig.2). ZD{FEFTH3 CLOVES fiE®E%(E, Congenital Lipomatous Overgrowth, Vascular
malformations, Epidermal nevi, Scoliosis/Skeletal and Spinal anomalies DEXFHNS5ETHD,
2007 £E(Z Snapp 5% 7 B CLOVE fEMRBIZIRE L7z '®, 2009 £F(c Alomari KNEHDZER®
BIEE, 2 DBHMREDEHELZRDZ &N S CLOVES FERERECIRIBLE V. PROS DERFRIEIR
(FZF%THDO, vascular malformation ZE&H I DHFEEZDE < (E VM, LM, CM &L\ o7 slow-
flow vascular malformation T#%2 ?. PIK3CA &fzF® somatic mutation (& PROS 72(3 T/ <,
overgrowth Zf#HORWIFEED VM ¥ LM THZ B 5N, Canaud SIEINSERIRL
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T” PIK3CA-related disorders” & W2 72EEFRIEL TV 2. TN(EfEER< PIK3CA BEZFD
somatic mutation [CKXd&EE%Z PROS, P/K3CA-related vascular malfomations, P/K3CA-related
nonvascular lesions @ 3 DICH4EL, MEMED VM, LM 27T, lymphatic-venous
malformation (LVM), capillary-lymphatic-venous malformation (CLVM)& WS 723 BEEID slow-
flow vascular malformation 72 £ % PIK3CA-related vascular malformations (C&&EN2 (Fig.2).
MAMD VM T(EHEEU LT PIK3CABIZF D somatic mutation 5886 3H Y, PI3K/AKT/mTOR
RO ERTH D TIE2 2BK% encode T2 TIE2EIEZF D somatic mutation HHEELALK TRH S
n3 " —A, MEUED LM Tld PIK3CA E/=FD somatic mutation & 70%U L TRD B >0, &
e28%D LM TH 3 generalized lymphatic anomaly (GLA)Z &3 complicated lymphatic
anomalies (CLA)® PIK3CA-related vascular malformations [CEEN 3 2. PIK3CABIZFERD
hot-spot & U T helical domain @ p.Glu542Lys (E542K)*, p.Glub45Lys (E545K) ¥ kinase
domain @ p.His1047Arg (H1047R)*, p.His1047Leu (H1047L)*Hh4051TWL3HY, PROS 2ED
syndromic 726 M Tl non-hot-spot PIK3CABILFERD EHH 3 *'°.

Slow-flow vascular malformation D& FZEDKEFH (& somatic mutation TH DAY, germline
mutation DHDHFEET D. PIK3CAERFD germline mutation TH, somatic mutation TH S
PROS & BLDEEKRERES2T D ENRESNTWNS Y. £z VM T TIE2EEFD germline
mutation (€& T VMCM * blue rubber bleb nervus syndrome (BRBNS)OW'&AET B >'>'°.

PI3K ¥ T+ )U=mZERE®D negative regulator & U TH#EET D PTEN (& PTENEZFIC K o T encode
N3P, PTENBIEFDERIEEETETZTERE (loss of function™ mutation) THB7=8, FERH
(C PI3Kinase/AKT/mTOR R (FEEIVTEMHEIL T B. PTEN EZFD germline mutation (C& > T
PTEN Hamartoma tumor syndrome (PHTS) (Cowden syndrome, Bannayan-Riley-Ruvalcaba
syndrome, Lhermitte-Duclos disease 7 & DI U 7oEBES)NE LS 2'2'°. PHTS (358, @R
f8, ESBfE/ & Dftblc vascular malformation W ASAA#ERED overgrowth Z&H T2 EAH D,
PROS & DEREET S 2. £z PHTS 1B DIER%E 29 % Proteus syndrome T(d, —38T
AKT1 % encode 9% AKT1&EF®D somatic mutation BRI NL TS >'°.

PIK3CA-related disorders
I

\ v v

PIK3CA-Related PIK3CA-Related PIK3CA-Related

Overgrowth Spectrum (PROS) Vascular Malformations Nonvascular Lesions?*
* CLAPO syndrome » Simple vascular malformations* = Benign lichenoid keratoses
* CLOVES syndrome — Common (cystic) LMt « Epidermal nevi
« DCMO — Common VM » Focal cortical dysplasia
* DMEG « Combined vascular malformations* * Seborrheic keratoses
* FAO/HHML — LVM
+ FAVA — CLVM
* FIL
« HMEG » Complicated lymphatic anomalies
« Klippel-Trenaunay syndrome - S
* LON
* Macrodactyly
+ MCAP/M-CM

* Muscular HH
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Fig.2: PIK3CA-related disorders (3X#t 2 & D 31A)
PIK3CA-related disorders (& PROS, vascular malformation, nonvascular lesions @ 3 D(C K5
=na.

(8858] CLAPO: capillary malformation of the lower lip, lymphatic malformation of the face
and neck, asymmetry and partial/generalized overgrowth, DCMO: diffuse capillary
malformation with overgrowth, DMEG: dysplastic megalencephaly, FAO/HHML.: fibroadipose
hyperplasia or overgrowth/hemihyperplasia-multiple lipomatosis, FAVA: fibroadipose vascular
anomaly, FIL: fibroadipose or facial infiltrating lipomatosis, HH: hemihyperplasia, HMEG:
hemimegalencephaly, LON: lipomatosis of nerve, MCAP/M-CM: megalencephaly-capillary
malformation.

4. BHOI(C

PI3K/AKT/MTOR REEICXI T D0 FIZHIEE(C (E mTOR PEEZETH S sirolimus, AKT BEXETH D
miransertib, PI3K BAZEZ T 3 alpelisib, serabelisib ZREHH 2 >*'2'%, 2D K S DHFIEHIZRD
HBIRIC K D vascular malformation DT (F paradigm shift HNE2Z > TWD. NS DERZ=ER
FTRICHleo>TIE, ZOEERLD PISK/AKT/MTOR RiEZIBRE L TEINR L TER SR,

[AE] (AXPICT*HDNTVBRHD)
germline mutation (£JEMBABEETFER) ; £iEMiE (BT VYIRF)OEEFEENFEL, LEN-T
BREAIENE (BM)BECRIREICRET 3.

7

somatic mutation ((HLECFEE) : 4JEMAE (BFPIRF)LINDMER (Fife)[CHFET D2EAZ
2 BAFRREOEDIRERICHIRIDSDH, FFICHHAEIRERICE DPT L),

gain of function : B FZERDHBR, ELFEMNEEZE(LT DI EICL>T, MORFEDHY VI
OBMBEERNZ(LT 2R E LT, £BRETERSNBVHUWESEEZEST DI &

G protein: GDP (7 /YY) V)= ESmEY 1 ZILOFIHEIC{E > TLWBHDFRA v F. GDPH
BE8IdE, GAVINVERTERILTS. GDP N GTP (7 /Y V=V VB)ICBEBRZSNDE G
YVINDEIFEHILL, ESZEELADELDICRD. GTPase (FGTP D 3FEB D ViEE7%Z GDP &9 510
KDEERD 7X—. GTPase (@8, MR I FHIUBEOHEXT A IT—H—THd "HFRA
wF, EUTHEET S

@m QJADEkUJ&E%HMéﬁ%m%ﬁm D VEgb(35 VINO Bikee (MR21EE, 7R
Y2

2
b— E)DIREVCBREEDY T FIUGBECEVWTEBRXNZIAZIB STV,

catalytic subunit (BIEH 71w ) : BRIVINUT, LZRIEDREE(DES T DHEEES DR
RTFR
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regulatory subunit GAEID 721 Z v k) : BRHY VIO T, BREFDORIGZAEHITIRIRTFR
dimer (Z81F) : 2 DOREODFPHTIZ v kb (BEFR)HIES UL TERT 2YE.

ligand (YA Y R) : BEDRBRICKHENICHKEE T 2YE. BE, RN V/NIBELOBERMUCHES
FBDIETYITFIVEERT DD F.

domain (R XAY) : KFEDEEEY DNA OMIET B2 LT XY CEET 35 VIO BDREDYIBHIE
BRI = /BB,

Pleckstrin-homology domain (FLOXXRUVIBRIKXAY (PH RXAV)) 1 #9120 D7 =/ BE%HE
NSRBI VINVVERXA VT, flamemx, MRBREE MRSESEBEICEASIIIEICEIERE
VO FIUGEY VINDEICROS5END.

isoform : EARMBEEEECBET D P I /BEESILELTVWSY, MDEBHD 7 = /BRI (ISRBR DY
VINDOE,

GTPase : GTP @ 3 HFB D VEE%Z GDP &3 2Kk EERT 7 U—. GTPase [@%, iR
TFIMBDEDREXT 1 T—5—THd "DFRAVF) & ULTHAET 3.

rapamycin : 1 —RY—EDQLFEMRIN SERESNTZ, MEBRERZRDOVYIOS 1 RELEY.

p.0OO (P /B A)xx(EHF)OO0 (P /8 B) : BIEFZEEDYVIUBLANITOREHET, p.l&
protein DSEXF. BFEF 7 I/ KRigh SBATLPI/BOEST, PI/BALNTPI/EB [CEHS
N7z &£%&R9 (nonsynonymous (missense)Z£).

loss of function : B FEEDIBR, FIBRETROSND Y VINVBZERTERLLRD, ZDH
VINOBOEEEN RN L.
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