DNA diagnosis of ten Japanese patients with
tuberous sclerosis complex: Development of
systematic mutational analysis of TSC genes and
certification of sensitivity for clinical application
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HAR ARG SRR LAE B 10 A D TSCEE 21T
B RIGH O 720 O RARHER TR RBNTE O RS & RIBRE OME

R RERIES RSP 2 U B 5 RS
| (RS, - /NEFZE)

B o R F

EEEELIE S, BN, B, TR, CEBEPLCEF0H L0 RMBIEREY R T AR LA ABEEEEETH L.
REHTREET TSCL, TSC2HREESNEIEE4 L HETEEIRE IR TWE, BED Ky F ARy ARV, BEE
EPORREEFCERON) I -2 a VIZED, BT 7EFILEDPSTHEET S, ZEOEEICE Y BEICIREE
TN TS, TREERAS ) -2V FILEHSID 1 RBEEAHEES R (single — strand conformational polymorphism,
SSCP) i%, Hetero duplex (HD) FEOERBHBEICE L COAMATH L. AMECIRHAAGHHEILESZ 10451510
SSCP#:, HD#, ¥4 L2 P —2 2 A, Long PCREE, EBMYHF Y 70y MNEFHASDEZFEH TNV T X442
Mo -BIEFBENET o7, ZOKR, 2HITTSCIEE (A7 74 RAER, KKK, 6BITTSC2ER (KR%E, ATIFA2R
EBE, IALVAER, 7V—437 VERIF) PRIEENTS. TSCIDRREIZEF A 2 THY, TSC2HD I At AER
REEOAIRDOLN. —AT, HEBBEOLTOTSCRRERT 7 v » ORI 4 ikE L, SSCPiE, HD HhoRBER
ExRfTo%., ERRHEBIEIE46./14 43%), 5714 36%) TH o723, BWIIHEENLERSEONHEE by RE
129714 64%) It LR L7, BEREREBETEELOMBETIITSCIZE#HOFER & TSC2EH A 2 B TH L MCBIED
BrarAbRl, SEOERLBEOBREL VERFIIBV T TSCEREDFR Yy M AEy MIFERT, =27V BDOPCR%
N—RELIA7 ) =2V FETERB LAZVWARRKOFLET 5720, DNABKOBIIISEREESF SHENICEE L
AR L BPUATH B LR s s,

Key words tuberous sclerosis, hamartin, tuberin, gene mutation

BFBRIETELTELRB20DBIEZFTSCIB L UTTSC245, B
HEORBREFHLAEEY Y aFlro—=r 72 hRESHR
Twa27 TSCIiE, $HIBFLBAEERIgMIIEEL, 2180
I—-FNZ Y E2ADYY —F—x 27 > THRMR & N hamartin
EH#% 23— F%5%. Hamartin BEHIZ 11647 3 JEEL O Y,

#®

ML (tuberous sclerosis complex, 75C) ¥, 5D
B4 GEBCHBICE 4 OBBECERRENEEL, ThiZ
LB ALIBBREENRDOONLERTHE. MENEEOS

il

WERESEERERTH 1 #6,000 ~ 10,000 H A1 ADE
BTRETHEEINTVAY, EEHEL LTI, KBEEE
R LRTHE, EMEE, FERCOFEICEET5558HD
MEFEHEHE, EERMT 2 SICBET 5 MERER, #
BICRET2BBRELEFDEY. C0H L, BICHREBER
Rid, MEHEERRPHEETALA, BHEREETISRS
LEREIROMEE 22, WI/SHRIREET, %) D2/3
BIMEFITH L5, EROKRBE—KRANTT LIFEFICEE
ENREC, EXKCHFRBUEEBLTVWBREELNS, EFb L~
ERFLEYVOBEORBR T THEET LYY, SEHELED

FRI8E 1 A2TH=M, FHi184E3 A7 HZH

FFEIZH130kDaTH L. AN EF IERBICIEH2307 3/
B omlda 4N E - 234 ViEEE L DEBASFEL, T3
FH AR EBERIC U BAEOBVEENFEEL TV A
P, TOEBERICIOVTRI( P o TnENS, —F,
TSC2i3E 16 F LB AEM 16p133ICHFEL, 41BOy v v
THE SN tuberinEH% I — F¥$ 5. Tuberinii GTP 7 — ¥
PALHEF (GTPase — activating protein, GAP) & & —ZB4a[E 14
PH Y, rapl rab5 23T % GAPIRE 2 E-9, T nE Tz,
ERUEUEOESEREICE VT, 99345 L U 16p13.312 817
BT OHEASEDHESE (loss of heterozygosity, LOH) #3828 5

Abbreviations : dHPLC, denaturing high performance liquid chromatography; GAP, GTPase-activating protein;
HD, hetero duplex; LOH, loss of heterozygosity; mTOR, mammalian target of rapamycin; PKD1, polycystic kidney
disease type 1; SEGA, subependymal giant cell astrocytoma; SSCP, single-strand conformation polymorphism; TBE,
Tris-boric acid EDTA; TSC, tuberous sclerosis complex; RT-PCR, reverse transcriptase PCR
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NTBYH, TSCI, TSC2i & b IZEHMFEEF L LTOBHE
FH->TWREEZLNBEPOY  F7 BIRIIR-T
hamartin & [ & tuberin & B2 EHHE & 2 B 0ERBEEIC X
S>THEAL, 2561, ZOEBEESEHPIBK (phospatidylinositol
3 —kinase) 7° % S6 % +— - (S6 kinase, S6K) 2% 5 XM
BT AWMAET S~ A4 Y Y EHENRE (mammalian target
of rapamycin, mTOR) OV Y ERLZHHIL, = OB OHIHE
BUEBEES T2 ERBENLYY, ZhETILEHD
TSCI BT DEEBIUTSC2EGFOERDRE N H 55,
ZDHRTTSCIBIZTFERDORIEHE, 7V -2 7 MNERE
LAEADERHBTRBIEL DD THE. I AL AERR
KREDFHEIZBEATHEE R TR, —F, TSC2EZ
FOEREBAT, 2~4%05RK20%BDEETHEFOK
ERREADOLERESNTEN Y, F-—WOEHITIE
%3 % PKDI (polycystic kidney disease type 1) EIZTF DK%
EEULEVIREGHE O, PKDIIERUBHBT 180K
TBIZFTHY, TSC2L PKDI # FBIZ/RET 5 BEEETF
ERBEEE T, HEEELECEREERICMZ, LB,
BREUEOEENBREHIHIRET S, —FTTSCI, TSC2L H i
HHRES A 2 BEOFEN PP ETHEETLIZ L MbN
Tws, WHIZL D ZOHRERERIT I HTHLA, il
EH5%LLE, BKT20%DHEEERILESRSE I RHE T4
TIEFTH B L ENT B,

INFTOTSCEEICBITATSCIB LU TSC2AIEFOE
BrItol-ftETid, ZROMBBII12~83% L KE LT
L0ENHEOB 3L ALDHELTRERIESTRVD
&, TSCEEZEFERIALEDPOLRRETTEESHTHL S
&, BROSHOBENERIFE o7k vy PAFEY b EEST
RERICB LA L, BERLZEMBTYA 7 Ty oE®RF PR
PHETHEAETLEIE, $PRRELTELONG. /-, LR
BMHBDORA S ) -0 FEE LTEHEL DB L TARERREES
%I (single — strand conformational polymorphism, SSCP) %>
HD (hetero duplex) A FRH SN TVED, ThEDHENE
BIZEORETSCHATTERERIL ) 2200 TREI R
EEINTVRW,

HETERMEBRERE ORKRICBVTE, WH0ORTT
S 2 RHEEIED S o720 LA L, BRIZk-T,
TSCIBEZEFOEREITSCEZN L L WEFRTOARED LA
(13—34%), FCIMEBICTIRERFEII-15%L 5120 %
WHIMWID e REIIBVTHTSCICEBEDNS L EH

Table 2 . Clinical data of patients

DHNVTSC2IREDH L EF L LB L THRRERIBETS
LZEFRESN TP, L LHEAETIIRESALER
ABEOTSCRIETHENHIIL R, BEFELERAROME
RELTERORBY 2 LW TRIELIZENSH 20 E) 7
KDOWTRAHTHS.

Dok BEEHTZ, 50, EFIFHEFEILEDK
BEFEWeERILT 5720, BRABREWEFZGRICEHE
BETREGE GBIICEE L 7R/ % TSCRIZFRITE 4T
Vv, ZhHORERREZRET L.

HMRBLUAE
I. %%

MBI, ERAFEFMSBHRRDEHTER S OFEHHE
LEEZ 0B TH A, P~ 9IS EHEILEE RS W i
ED®PIEoE, BRIOICESHEEILAE L HEZHT (definite
TSC) shiz. —F, EFANWBRERTEMREEMiEE

Table 1 . Revised Diagnostic Criteria for Tuberous Sclerosis
Complex; Roach et al., 1998 *®

Major Features

1. Facial angiofibromas or forehead plaque
2. Nontraumatic ungual or periungual fibroma
3. Hypomelanotic macules (three or more)
4. Shagreen patch (connective tissue nevus)
5. Muitiple retinal nodular hamartomas

6. Cortical tuber

7. Subependymal nodule

8. Subependymal giant cell astrocytoma

9. Cardiac rhabdomyoma,single or multiple
10. Lymphangiomyomatosis

11. Renal angiomyolipoma

Minor Features

1. Multiple randomly distributed pits in dental enamel
2. Hamartomatous rectal polyps

3. Bone cysts

4. Cerebral white matter radial migration lines

5. Gingival fibromas

6. Nonrenal hamartoma

7. Retinal achromic patch

8. “Confetti”skin lesions

9. Multiple renal cysts

Definite Tuberous Sclerosis Complex:

Either two major features or one major feature plus two minor features
Probable Tuberous Sclerosis Complex:

One major plus one minor feature
Possible Tuberous Sclerosis Complex:

Either one major feature or two minor features

Patient FS  Ageat Skin findings Neurological findings Cardiac Renal Others
number exam AF UF HM SP CT/MRI Epilepsy MR Autism Ret. Ham. rthabdomyoma findings

1 N 1 1G] [C] ) ) 1G] IS Severe (] [63) (&3] PCK

2 F 9 ) © &) [®] ) IS Moderate ) &) O] AML

3 S 19 ® © [e))] o 1] CPS,GS Moderate [0} ) & AML

4 s 9 1) (0] [C) 0] o] 1S Severe ) © (S AML Bedridden

5 S 28 ) (e ) 1o3] [ GS Severe “ © ) AML

6 F 13 ) (8] () O] ) CPSGS Severe ) ) e} AML

7 S 15 ) & O] D] (S0} CPS © 0] ] ) ©

8 S 17 ) (& ) @ +) ) (S} [C) © ) AML

9 S 1 © © © (2] S} CPS () DQ8O o © ) ©

10 S 20 ) © ) ) [S2) ) ) ) ) ) ) only SEGA

(#), positive in any degree; (-),negative; F/S, familiar or sporadic; AF, facial angio fibroma; UF, ungual fibroma; HM, hyp d macule; SP, sh patch; CT/MRI, brain CT

or MRI lesions compatible to TSC; IS, infantile spasms; CPS, complex partial seizure; GS, generalized seizure; MR, mental retardation; severe, no word; moderate, can speak; DQ,
developmental quality; Ret.Ham., retinal hamartoma; PCK, polycystic lidney; AML, renal

giomyolipoma; SEGA, subependymal giant cell

Y
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(subependymal giant cell astrocytoma, SEGA) DA % 2%, K
IR BT RE L AE T BEMED 1) (possible TSC) DFEFITH - 7=
(%2). BETRENERIZIE 28T, BERENEHEL
LTI TADA, 6PIICEBEEELRED,. FH%E
BEZTHTED LN, T0 L2 TEAETETH-
2. ZOWFNIOVT, TSCRIZTFETEIT-72. &8, Z
OfFEL, THEHEEECEOCEERICET 2 RENER BT
ELT, FHRIU4ESA28H, &RKEL M/ A GHEREESE
050EREEF/. 7, MEMICEZB L UZORESICH

Patients 1-10 T8C1/2 Coding Excns Full PCR f

v

TSC1/2 SSCPIHD analysis
v

[ Band shift

Yes No i

Patlents 2.34,6.7.8,10 / \ Patignts 15,9 *
Patlants

Direct Sequence [ 7sc1/2 Coding Exons Full Sequence ]  [35570

/ \ Pationts 2,37 / l \
on Na Mutation | Patients 1,239

Patients 5,7 v

T§C1/2Long PCR
& No Mutation | Patients 1,23

il 8h Polymorphism {}i
only

Patients 4,6,8,10

EAREZTHHBL, FECAZY B L THELERKL .
I. HiE

SO A - RN TSCHIETREZEAROENFRLIIR
F. MRI0ZOKRWEDTAIS ~ 10ml X ¥ DNA # ik, &%
Bt L TSCI, TSC2% 4 DERRMERLT 7 v » % PCRIET
BIEL, 7= LTBL. BONZPCREYH—#%
SSCP/HDETAZ Y ==L, NV Y7 b PARLNRTL
PCREMIZDEXSFAL Y F v — Ly AETHERFI4REL
Foo WOFRSTMDPBEOONE o E, I KLY
FEDONNL -7 2 ADHER, DNASEITH 5 L #H
B L7581, TSC1, TSC2REDERFRER Ty v/ I2BL
T=NWLTBW-PCREW *HVTFAILI -T2 R
IR 2 REL:. I TOEBTCHRERTy v
YOERNFEE I N Do EFI L TIX, TSC1, TSC2
B4 DEETHTOKRELREXRET A0, §4DEIEF
T Along PCRIFIZE YA ) —=v oLz, #NTLE
EPEFEESN Lo ERCE L T, &4 D&EFIZOVT
BIZTHEBEETEOCRRELEEL, EEHNI Y7o b
RICTHBIT L7z, EROT7 VT X LIIHEVTSCERBIT % #
fTL7=#%, SSCP/HDEOMHEREIZE L CORIT 5770,
EBIIIETOEFMNOETOPCREEEYIZMN LTI LS b

Fig. 1.

Patient 8 *

[ Tsc1/2 Quantiative Southern Biot |

PR

Patlents 2,3

N
Patient 1

An algorithmic diagram of 7SC mutational analysis.

Table 3 . 7SCI exon primers

V=P LYy T RITWE ORI R RE L.
1. DNAHH

MEA 5 DNAOH I Lahiri 5 20 FFEIC - 7.

Forward Reverse Product
primer Sequence primer Sequence size (bp)
Ham-3F 5-GAACCTTCAGAACCTGTAGC-3' Ham-3R -CAGCAGGATTCTAGTGGCTC-3' 241
Ham-4F 5“TGACAGGAAGCTGTGTAAGG-3' Ham4R 5-GTGCACAGAAGCTGTTGTAC-3 243
Ham-5F S“TCATGTGAGGACTGCCCTTG-3' Ham-5R S“GCTTCCTTGCTTTAAGTTGCC-3' 271
Ham-6F 5“TACAATGCCGATCCTGGTGC Ham-6R S-AAGCATTCACCTCACAGGGC-3' 255
Ham-7F 5“CTCCTCAATCTGTCTCCAAC-3’ Ham-7R 5-CCCTGTCTGCCGTTAAATAC-3' 296
Ham-8F 5“GGATGTTCCACAAACATTCAGC-3'  Ham-8R 5-GGGATTACCTCCTAGATCAC-3' 198
Ham9.1F  5“GAAGCCTCATATGAAGATGGC-3' Ham9.]1R  5-CCCTAGGAACTGAACTAAGTC-3' 221
Ham-92F  5-CCCGCTTGTTCTTTGCTATC-3' Ham92R  5-CTGTGTGTCAGCATAAGGGC-3' 259
Ham-10F  5“CCTAAAACCACACACTAACC3 Ham-10R  5~TCAGCTTCACCAGAAAGCAG-3' 215
Ham-11F  5-CGTGGATGACTTAGCATTCC-3' Ham-11R  5-AAAAGAGAGCTCCTCCTGCC-3' 239
Ham-12F  5“TTCTAATAGTTGGGCTCAGTG-3' Ham-12R  5-CTTCTCAAAGTGAGGCTTGC-3' 243
Ham-13F  5-TGCTCGAGAACATGTGCAAC-3' Ham-13R  5-CAAGCAAGGCCTGTAGTAAC-3' 163
Ham-14F  5-ACACTTACAGGGATTACACTG-3' Ham-14R  5-CCCAGATTTATAGCAGAGCG-3' 226
Ham-15.1F  5-ATTGCCAAAGACAGCCCATC-3' Ham-15.IR  5AGGTGGGAGTGTGAAGAATG-3' 267
Ham-152F 5-GAACCCTGAGCCTTTACACTC-3' Ham-152R  5-GCTCCTCAGTCTTCCTGATG-3' 287
Ham-153F 5-CCCAAACTGCCTAGTCITTC-3' Ham-15.3R  5-AAGGCTTGCTTTGGTGTGT-3' 269
Ham-16F  5-GACCACAAGGAAGTGATCTAAC-3' Ham-16R  5-AACCATGTGGGCTGGATTTG-3' 186
Ham-17F  5-GGGCTTGATTGAACCATCTG-3' Ham-17R  5-GCTATCATGCTGACCCAAAAC-3' 272
Ham-18F  5-CGCAGTGTGTGTTAAATTGCC-3' Ham-18R  5-CTTTGCCTGGTGCTGCAGTT-3' 275
Ham-19F 5-“GAAAGTAGAGCCGTTGAGCT-3' Ham-19R 5-CCATGACACAGACACTCAAGT-3' 312
Ham-20F  5-TGCTAGTTTTATGTCGTCGGA-3' Ham-20R  5“TCTGGGTCTGAAACGCTTTC-3 228
Ham-21F  $-GCCTTCTCAGTCCTTCTITAC-3' Ham-2IR  5-GCCAGAATATAGGAAGTTCC-3' 348
Ham22F  5-GGAACTTCCTATATTCTGGC-3' Ham-22R  5“CCCAAGGTCATGAATCAGTTC-3' 231
Ham-23.1F  5-CATCCTCCGAATGTGGACAG-3' Ham-23.1R  5-CTCCCACCGACTGCTGAATG-3' 279
Ham-232F 5-GCTTTCTACCCCAGAGAAAC-3' Ham-232R  5-ACACCCAAGTCTTTGCCCAG-3' 249
Ham-233F 5-GGCATGACCAGTAGCCTTTC-3' Ham-233R  5-ACCTCCTGTTCTGTGCCAAC-3' 228




REEERELRE I BT A TSCRIZ TR RN

IR &, MREORWERM L VIR L 72 EDTA Iml i2x¢
L TKM @ # [10 mM Tris — HCl (H7.6), 10mM kCl, 2mM
EDTA, 4mM MgCl;] 1ml & Nonidet P — 40 (Roche Applied
Science, Penzberg, Germany) 25 x 1% %, BaBIRM L ARl sk
FSEEIZEM S/, 25°C, 10,000rpm T 15 EaE L LG
B % 1ml O TKMBE R CHERS, ®O0BEIRLZ. ikt
0.2ml O TKM R E R ICHiF#E & &, 20% SDS (Sigma, St.
Louis, USA) % 7.5 1M T55C TS5 MEER, fafmiE{ts
MY LAKRBER p1EMZEICBAMLADS, 25T, 15,
000rpm TS BE L LA, SOLEFBIZ2EENI00% LY /) —

Table 4 . TSC2 exon primers
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VEMATDNAZLE S Y, 70% % /—) (4C) Iml Tk
¥ 1XTE [10mM Tris — HCI pH8.0, imM EDTA] 0.1 ~
0.5mlic#EfME L, 4ACTREL.

F7:, EFILIOTIERMMOMIC, SEGAEHME»S b
DNA %4 L7z, FHH S N7z SEGA 0 — 58 % 1R 12 ik %
FTHEREL:, INEHFEHEKENTIFFIA 74 ATHE
LA TT o5 LB LDNAMBABEH®R [256mM
EDTA, 75mM NaCl, 10mM Tris — HCI (pH 8.0)] 0.5ml {2 il
X472, 20%SDS%E25 .1, TuF 4 F—¥k FE, AR %
B0 1mg / mIDBEIZARD L5 IZHENL A0 637TCHER

Forward Reverse Product
primer Sequence primer Sequence size (bp)
Tub-18 5-“GTCCCCATTCCTGTTTCGTT-3' Tub-1AS S-TGCATTTCCCTCTAGCCTAG-3' 238
Tub-2S 5-AAGTGCAGGATTACAGGCCT-3' Tub-2AS 5-GTGCCTCTCTCTAGTAGCTC-3' 305
Tub-3S S-GTTCTTGGAGAGCACATCCTC-3'  Tub-3AS "TAGACCCTGTGCCCAGCAAC-3' 272
Tub-4S S"TGAGTCAGGCTCTGCTGATC-3' Tub4AS S-TCAAGGCCAGAGAAACCTCC-3' 221
Tub-58 5-GGAGATGTAGATTCGGCGTC-3 Tub-5AS 5-ACTGCGGAGCTGAACTTAGG-3' 229
Tub-6S 5-GACGTCATAGAGTGACTAG-3' Tub-6AS 5-CTGTGGGTCATTGATGCTGTC-3' 354
Tub-7S 5-GAGGTGGGAAGGAAGCCTG-3 Tub-7AS 5-TCCCATCCATGTGCTCTCAG-3' 260
Tub-8S 5-GAGAACCCTGCTGCCTCTGT-3' Tub-8AS S“TGGCAAGGGACACTGGAGCT-3' 304
Tub-9S 5-GCTCACATTCCGTCTCTCTG-3 Tub-9AS 5-CTGCCAGCTCACTGCACAC-3' 194
Tub-108 5“GCAGCTCTGACCCTGTGTGC-3' Tub-10AS  5-TGGCCGAGCCTGCCTGTCT-3' 245
Tub-11S S“TCTGGTGCCAAGTCCATGT-3' Tub-11AS  5GGCTCAGAAAGCTGCACTTC-3' 265
Tub-128 5-CAACACCGGCTCTTCTTTTG-3 Tub-12AS  5“TGCCAGGCAAGGCTACAGAG-3' 158
Tub-13S 5-ACCCCAGCAGGCTGCCGT-3' Tub-13AS  5-CGGAGAAATAGCCCTGAGC-3' 154
Tub-148 S-TGGTTGTGTCACGAGATGTG-3' Tub-14AS  5-GCTGCCCACGGAGCTCTG-3' 261
Tub-158 5"TGCTGACTCAGAACCATGAG-3' Tub-15AS  5-CTGGTGGACGCTAGCCATG-3' 226
Tub-16S S-GTGCTGTCTTAGGACTGCG-3' Tub-16AS  5-GTCTCTGCAGCTTCCAGGAA-3' 276
Tub-178 5-CTGCACGAGCTTGGCTCTG-3' Tub-17AS  5“TGACGCCCTGAGCCTCATG-3' 194
Tub-18S 5-GACTTGGCCTCAGCTGCTTC-3' Tub-18AS  5-GCAGCTCCCTGTCCTCCTG-3' 245
Tub-19S 5-CTCTGTCTCTAGGGTCCAGA-3 Tub-19AS  5-CCAAGGCACAATCTGCGCTC-3' 328
Tub-20S 5-CTGGCTACCCCGTGACCTG-3' Tub-20AS  5-AGCTCGCCTGCTCTGACCTC-3' 218
Tub-21S 5-TGTTCTCCCGGTGGAGCACTCG-3' Tub-21AS  5~TGGGTGCATGCGCAGGCAGG-3' 316
Tub-228 5-CTCCCTGACCACCTCTCCAT-3' Tub-22AS  5-CATCCTGGCAGCAGGGAAAC-3' 271
Tub-238 5-GTTTCCCTGCTGCCAGGAT-3' Tub-23AS  5“TCCACCTGCCTGTCACTCTG-3' 245
Tub-24S S-TTGCCACCCCTCACTGTCTG-3' Tub-24AS  5-AGCCACAGCCCCATGTCCTT-3' 199
Tub-258 5-CCCTCCACTGGCTITGTTCTC-3' Tub-25AS  5-“GACGATGAGGTCATGCAAGC-3' 301
Tub-26S 5-CCCTTGGTGATAGGTGGCTC-3 Tub-26AS  5-GAACTCGCCCACAGGAGAC-3' 314
Tub-278 5-CAACTTCACGGCTGTCCCG-3' Tub-27AS  5*TGTCGAGGCTGGCAGGCG-3' 298
Tub-28S 5-GACTAAGTCACCCTGTGCGT-3' Tub-28AS  5-CCAGCAGCAACTGAGGGAG-3' 208
Tub-29S S-TGGTGGTTTGCATCAGGTAAG-3' Tub-20AS  5-TGACTGGCTAAGAAAGATGGC-3' 312
Tub-308 5-AGATGGGTAAGGGGAGGTAC-3' Tub-30AS  5-GGAGCAGAGCCCGTGCCAA-3' 296
Tub-318 5-TCTCTCCTCTGCAGCACGGG-3' Tub-31AS  5-GCACCTATGAGGCAGAGTGG-3' 221
Tub-328 5-TCAGGAGAAGGCTGGTTCTC3' Tub-32AS  5-GAGCCCTGCCTCCCCTAAG-3' 273
Tub-33S S-CTGACAGGGGTTCTICTTTGG-3' Tub-33AS  5-TCCAGGGTCCCTGACTGTGA-3' 301
Tub-33aS  5-CTGAGCCCTGAGGTTAAGGC-3' Tub-33aAS  5“TCCCGCAGGAGAGGTGTCAG-3' 314
Tub-34S 5“TGCCAGGCCCTCACCTGGGT-3' Tub-34AS  5-CCCGAGCCACACAGCTCCAG-3' 169
Tub-358 5-CTCAGGCAGGGCTCIGTGT-3' Tub-35AS  5-CTGCAGGCTGAGCCCAGCT-3' 177
Tub-36S S-TTGTCTGCCTCAGGGATCAG-3' Tub-36AS  5-GGGGTAGCAGGACTGGATG-3' 379
Tub-378 5-CAGCACTGGCCCCACAAACCC-3'  Tub-37AS  5-TGCCACCAACCCGGACACAGC-3' 252
Tub-38S "“AGTAGCCGAGATCAGCCTTC-3' Tub-38AS  S-TCTTGGCGCCACACTGCAG-3 215
Tub-39S 5“GCTGCAGTGTGGCGCCAAGA-3' Tub-39AS  5-GAGCTCACTATCAGGTGGCA-3' 213
Tub-40S 5-TGGCCAAGATCGTGTCTGAC-3' Tub40AS  5-GACAGGCAATACCGTCCAAG-3' 583
Tub418 5-TCACAGGTGCATCATAGCCG-3' Tub41AS  5-GACAGGCAATACCGTCCAAG-3' 425
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WhT8EMA A v Fa—Yar L, #0HB7/—N -2
Dok AEEIT, T8 — LB CDNAX B L 7.
ELIHMEM L - EERE S 51, TRIZOL Reagent
(Invitrogen Japan, H3) #HWCTRNADHHL, 554~
FHRXI7VAF ST ~— (FilE, #8) & ReverTra Ace
CGRESE, KR #HVWTcDNAZER L7,

2. T2V Y754 —PCRIZLBTSC1, TSC2EZFER
IR O HEE

TSCl1, TSC2BIEFHBD/ oDy Vv TI 4 <—DiEHk
B e EhFhES, R4RT, ERL1. LB LE
DNA % 1 X TE [10mM Tris-HC] (pH 8.0), 1mM EDTA] T#
MLOLlpug/ p I OBREICHELZ. ZOBREDNA 14 1%
BElL, ¥V A4 ~7—, PrvFEIATIAT—% K4
0.2 4 M, dNTPs mix 200 x M, MgCl, 2.0mM, Tag DNA
polymerase (Roche, Mannheim, Germany) 0.1U %12 10 « 1 ®
i e L, PCREIE%®4T 7. PCRY 1 2 L&k,
UTE5F% 117N, HVTISTI0M, 60C5H%144 -
NELTIOHA 7N, #0t%, 12C453%1F A 70 E L7
3. SSCP/HDi#

SSCPiL & HD A LR 4 i HE S N BIZTERR Y
—Z Y FETH LY, ERICEABCIEOSVETITS 2
AFHEZ, FHRELTIIESL S S PCREY @ADNA) ¥
BEMEL, IRBEICLABRESHTS. OB, 1X#EDNAYD
ZOHEATHRA/MICHT T - > 7L, SXiEgEr LB L
ERET50O5SSCPETH Y, IXREIHEHEBEEL,
BU2ARHIIR - B IIHAR TR C2RHATERT A 2
EEFIRT 20X HDETHL. WELOBEONEDERY
TIZUNT IS VTERKE, 7¥TE. ZREEITSY
VT IFTFVTREEOEWDNAIEZ LR KBS haHE R
HLBEEFRAL-bDTHS, T4bb, SSCPETITIAE
PREEEL L o BOFRESFEREERBCEL L1201
BRI EAS A2 L%, HDECRFARICHER 7LV E
EEM7 U545 52K8DNATIE, ERHHETI ATy
FHEL B 7 DNASKIT LI CHER L BEPK 2 5
RORBEEIrE LA LERBLTYS, WThLER
DNA%*a» ta— & LTHBECKEL, Ny Fy—-r %
HBELTERICEZWABIIANY FEEMTAZE SV Py
TMIE)BIEFEROERERA I ) -2 015,

PCREIGHE TR, 5pu ¥4V N o =023 v 707
HIHEEBRELL., BY541ICFAEDOSSCP/HDH I’
(150mM  JkEEfLF b 4, 0.05%SDS, 5mM EDTA, 50%

Table 5. 7SC long PCR primers

FRIVLTATE R, 025% %3 V57 —VFF, 025% 71
L7/ —=NT =) &z, BCTTETEHBELRE, I
KA THHLTI5~200BRE L. Z0OBRIZL ) PCRE
YWO—HIXIEXBEOBREEL LY, —HIIBAGLTEE
DNAZRIEINIIHD 2K T 5. HH%E, 5.1%212%
SSCP/HD# WV [12% 72U N7 3IF, 8% 7)) vua—i,
1 XTBE (89mM Tris, 89mM 7 #, 2mM EDTA)]iZ1 X
TBEZ#&EiRE LTI07 v+, 2EMERKB L. kEBRT
B, YVERERLANVFERELAE. bbb, BEK
(50% A% /=, I0%FEBRREW) THRITI/IVTIFY
NMe 15 5EE Lok, B Q%WEE CHELAISERT
STRIAHE. SR BEAK TSR, 1L 7TmMEESERE M
Z, BRTISHMLE. FUOkEE, EEIE (0.756M Na, COs,
0.0185% KNV LT NVFTe F) #MZ, /N7 FPRBWEBIIERT L
TTERTHELA 15~259). BAETHIIVEEEL,
FIEE (Q%EEE) 2MASBRTCI~500HE L%, +40r
Wy ZIZERALTLCTRFL -
4. ¥4V o ro—ox oy FEEROGAE

TSCI, TSC2X0 V> 74—t THIBEN-£2TD
PCR##%yi%, BigDye Terminator v3.1 cycle sequencing kit 3 X
UFABI PRISM 3100 Genetic Analyzer (Applied Biosystems,
Forester, USA) 2 lW7: 4 AL 7 b =0 03 0 FiI2d D #
DIFERF| & RE L7,

PCRTIZERMT LIV L BART L V% FBRIIMIEST 5. 4
STCTAVI V=0TV 0 TRTHE, TSCERDWSER
TRECEEEBIRSIRECHADEES, BERT LIV LR
A7 UMPEERFLO T TELRVERER -7 T A%
THLONRE L. TDL) REEIE, PCREY % pT7Blue
T — Vector kit (Novagen, Darmstadt, Germany) % F\», B
BLUERET LV ENLIZsO— 20 7 U AR 2 3BE
L7z

TSC2i3, alternative splicingiC XD 74V 7+ —41, 2, 303
FEHO mRNADES LB DY, cDNAEFFALF X NCBI Reference
sequence NM_000548 (=2 V V312 5L TRTHOZ Y v V554
Tha) 2y, Bfa Fr (ATG) mAREREF1E LTET
L7z, TSCIIZBAL Cid, cDNAHEEFIIFERIIZ NM_000368
o720, BEOTSCIERORET— 7 Mk +57:0, B
B N (ATG) DARIEEEF 22 LTHRELT.
5. long PCR

Jones 65X D FITIENTSCL, TSC2& 4 DB TF4EE Y/
L DNA % long PCRIETHE L /2. Z D long PCRIZ, KEEF

Product
Forward primer Sequence Reverse primer Sequence : size (bp)
TSCi long PCR
Long Ham 1-2F 5-ACATCGTCAGTTATGAGTGGAAGAGCCTC-3 Long Ham 1-2R 5-GACTAATCCCTTCATGCCATAGATGGTCC-3' 9884
Long Ham 3-8F 5-GGATACCTCCCTGTAGCCAGTGGTATTTG-3' Long Ham 3-8R 5-TCAGTCTTACCCTCAGTTCCACTCTCCAC-3' 8702

LongHam 9-15F  5“CCTTGATAGGAGACCTTAAGTCAGCCTCAG-3'  Long Ham 9-15R 5-AGATGCAACAGCCTAGAAGGACATCTGAC-3' 7408
Long Ham 16 23F  5-CCTCTAACTCTCTGTGGACCTGGAGTTTG-3' LongHam 1623R  5-GGGGGGAAGGAAGAAAGTAAAGCTACTGAG-3 8673

TSC2 long PCR
Long Tub 1-68 5-GCTGTAGTTGAGTTCTCCCAGGGAGTG-3' Long Tub 1-6AS 5“GACTCCTGAGGCTCAGAGAGACCGAG-3' 7941
Long Tub 7-158 S“TGAGCCTCAGGAGTCCCCCATGTAAG-3' Long Tub 7-15A8 5“TGAGACCACCGCACCCTCAGCAAATC-3' 9406
Long Tub 16258 5“GTCGTGTGTTTTGAAGCACGCACTC-3' Long Tub 16-25AS  5-ACGGGCAAGACGATGAGGTCATG-3 7493

Long Tub 26418 5-ACGCCCTGTTGGGGTCITTCCGAG-3'

LongTub2641AS  5-“CGCACCAAGCAGACAAAGTCAATAAAAGAG-3 9847
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[2DE42DT T4 ~¥—ky b TETOII Y EGL LI
Wl 24LTwv 4 (#85). Expand Long Template PCR system
(Roche, Mannheim, Germany) # JlJv:, @4 1-DNA 20ng % §
BDNAE LT, WAMBLUMHNOETTA~— 03.M,
dNTPs 0.5mM, Expand Long Template polymerase 0.35 Hifif,
Expand Long Template buffer —3 1 112, FREIRE A A
ATH10 1L L7z, 95T 25 oMM, 94T10F, 65T
30F, 68T8TZE1IHA N ELTHDMEL, 10942 LD
IEEkfTo7z, 5612, 94C10F, 65T30F, 68C8FB L TF
FlIfMlllbémﬁ-& 1A 70 E LT, 20~2241 2 LEbEL
Loy TR 06% T AT — AL F100V Tl Ak

'_UJLI'{"/'?.L\?‘D'?{ Rt TH L7z,
6. SERMAE 2 7Oy b ET

AR DNA 10 p0 g ZHllERFEH EcoRl (743 3, 50 T5
AL, 0.6% 7 A0 — 240 (CEilS, B ISR L,
tAar A7V r, 77 AF v~ (Roche, Mannheim,
Germany) 27 A H N Y NT Y AT 7— L1 ZOHBALTL
YE120T304 TR LDNA% A » 7L ¥ B L 7.
DIG/ A 75 4L DNAZXRY »7&FFVar AH—
F—Fw bl (Boa - FATFI AT w7 A, D) &4
HL, "A7N¥AE=2arbfh®irhoi. TSCIIZH
TAHT/0—-7I13, 7V 774 ~v—Ham-23.1F £ Ham-23.2R
THIR LZ-PCREW RV IX = CTHBLALO R,
TSC2\zwfd A7 =742 » 75 4 ~—Tub-40S & Tub-
A0AS THIR L 72 PCRiEMZ v o d L = > CHERIL- b0 %
FREMWL, WFo—T RN T A E—2a
FhE, TSCIIZHL TIiX9.0kb, TSCZ2IZI4 LTI 16.6kb o<
YEDEONAS, BRI LRIAY FOMEE 7Y 2 b A
k1) — (BIO-1D V96.15, =4 T AGEEEEASH:, diD) <l
LI L7z,

153 i
TSCHHz AL 108 8 Tt 417z (I41). SSCP/HD

3,4, 6, 7, 8 1007HThH-7:. 20 LiEF4, 6, 8 10
TREA LY b=y 2 VIZTERERETELY, i
2, 3, TIBMLTRZHOALTH 1. KWL, 2, 3, 5,
7, 91Zx L TSC1, TSC2Wji{z oz &Ty (4L 2
=2y s iz, ZOFER, JEMS, 7TTERFREE
Shi:, CETORBTERSNE S Lo HERL 2,
3, 912t L 7SC1, TSC2 long PCRIZTHMi{HTFHO KK L%
AG N ==Lz, SO, fEH9TTSCIERAFE S
Ltz o rohEW L, 2, 3ICH Lt iiedE stk
RUGE LRIy 70y M AT L. Ao, &
W1 T TSC2O RS 2tz #EW2, 3TIRINfT%4R %%
Wb fisE Ao fz, SSCP/ HD o421z, ¥4
Lo b= oy YO ERSIZRT.

TSCIZESIZ2HI TR &4, REMTTHEA > PO 16D A
TIAARF— (+1) OFT v BT Fo A+ 21
LBAT T A4 AHRERD L, 72, #EHI9TIETSCI D long
PCR (Long Ham 16 — 23F /' R) O#ilEEw 2BV T220 M4
BRYR 7 FHFGE S (48). REOHME M1 570
(2, Long Ham 16 — 23F / RE§UGAE % 1 X TE T 1005512 AR
LbOEHUDNAL L, ZONMIZEFNLTSCIY v >
TIAX—DOFALHEETHEMBLL. ok
Ham — 17F / 20R DM TRY /82 FA5—2, 16F /20RD
HEETRINY D, 16F /19ROHGHETRII 0 F
A fE Edvfs (M4B), Ry FlkTHo—a4 Lk
OB L, SUPREC —01 (§5ilii%, #%) (S CTDNAZRILL,
YAL s by—bmri izt WERM 2 e L7z, UL
LD, £ 2R 17~19128 L 51559p DK% TIE £ ¥ b
B2 16~19128 X 5 2204bp DK 2 A0 S 417> (1M40).
TSC1x%77 » 17~ 18 {Zhamartin B[O I/ N F - 34 1L | 4
1 2 ONEEMW AL L, TSC2OMET- W Td 5 tuberin &

OFEFHRERAT S, K1, 2 2 oRiE R R
L), LEZRALNVTEEIZEBL /2L LTH tuberin
HHEEFEETELRW, £, RE1E2BHEWVICEL N &<

BT L DAY ) —= 2 FTEER Y PRI S h i 5EH 2, TWaBA, iz EEMRICEE>TWARY, fEtaT—
Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 Patient 10
TSC241S/AS  TSC221S/IAS  TSC210S/AS TSC1 16FR TSC2 33S/IAS TSC2 40S/AS
R 5 & 3 o = 5 ® 5
i i1y FF O BR O O:: 1.
S & S 3 S & S c% S & 2
I L = I -
SSCP ﬁlﬁ , | @ L '
I = = I e g <+
[ ;h - Y S -
e , [+ |
t 1|.'
—— | | "
HD — .. b ! &
| = —
5238-5255 s b e et :
—— IVS20-1G>A | IVS39-9C>A 5228G>A
980-981insAT 4149-4160
ins17bp

Fig. 2. The single-strand conformational polymorphism and the hetero-duplex (SSCP/HD) analysis of TSC1/TSC2 genes. SSCP and HD
analyses were performed on a same polyacrylamide gel simultaneously. SSCP bands appear top portion of the gel and HD bands appear
bottom. SSCP band shifts are indicated by red arrows and HD are indicated by green arrow heads.
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FORIG,HWHORIEFERsNZ Y, ZOZ20 K534 FORKRRBOHTIZ, ZOA 27 b—L%KFEIZED tuberin®

VLA ML AERTHELEEZLNL, ETUL, 146 FHHDO T I /T AF Vo378 3 ol s, 1747

SEW 920D A 5 TSCIREEFTFOEW A 7 HETH %, T b 1752 EFTO6MHEOT 3/ EEARET A, FEHSTIEA

—7J7, TSC2ZERIZ6HITHME 2l (F€6, M2, [3). YPAYDATIAAT TS — (1) DI T =BT F

Fl4TIET 2 2 24005238/ o 0hF 5 18D 2 7 L4 F ST A AT A AEREDOI. EF6TIE Y V>
Patient 4 oo e o sirear cro i ecanorsggn Patient 8 % *®7 " *o4 i

“ e |

WU i \

Y \ U NV\ TSC2 Exon33

; j\ !_I _uJ S 4159-4160ins17bp
TSC? II:D L) ‘I'm s 0 3] L C"I

Mut Exond0 Mut L i

5238-5255del

*
Patients e TUHTT =

TSC2 Intron20 1VS20-1G>A Patient 7 Patient 10
] - TSC1 Intron16 TSC2Exond0  5228G=A, R1742Q (tumor only)
m | IVS16+1G>A

T L1 A AP Mut/ Wi PB ENA Tumoi DNA TumoLRNA

u .|'.- | \ == f e Vit e GGETCCG TG G ¢ TTGLccigiTece

L UL ! a1 1 2% e

Patient6  TSC2 Exon10 980-881insAT

WT Mut fh
asccatlageita  saeccarfiloge v [

Fig.3. Direct sequencing results of TSCI1/TSC2 genes. In the case of deletion or insertion mutations, electrophoretograms of wild type
allele (WT) and mutation allele (Mut) are shown separately. The diagrams of single base substitutions are shown as mixture of both alleles

T}

17F 18F 19F 16F 17F 16F
Long Ham 16-23F/R 20R  [20R  J20R J20R MR M9R

C S AHIL C 8§ C 8§ C 8§ AHHC 8§ C S C S

AHIN

23Kb
9.4Kb

6.5Kb

4.3Kb

Ex16 Ex19 Ex20

Ex20

Ex19
9R

Fig. 4. Large TSCI deletions of the patient 9. (A) TSCI long
PCR spanning exons 16 to 23 showed two different deletion WT
bands, deletion 1 (red arrow head) and deletion 2 (green arrow Ex16
head). (B) TSCI exon primer PCR around the deletions also
detected either deletion 1(red arrow head) or deletion 2 (green R
arrow head). (C) Schematic representation of deletion 1 and Del 1 bﬂ bu } [ﬁ_

6

Ex18 378

1559 bp

+2719 Ex17

deletion 2. C, normal control DNA; S, patient 9 peripheral blood
DNA; Del. 1, deletion 1; Del. 2, deletion 2; WT, wild type
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Patient 1
Patient 2
Patient 3

16.6Kb
TSCT b b s
9.0Kb
Control Patient Patient Patient
1 2z 3
75C2 100 48.2 105.3 | 1087
75C1 85.8 86.5 90.0 115.6
2/1 1.16 0.55 1.17 0.94

Fig.5. Quantitative southern blot analysis of TSC1/TSC2
genes. The table under the blot show optical density of each
band indicated as 7:SC2 band intensity of control DNA is 100.
2/1, ratio of TSC2 and T'SC1 bands intensity of each sample.

Table 6 . Summary of 7SC mutations and polymorphisms analysis

WWNBOELIBIFENX 7 L F FORIZ215HE AT AL
$BT7V—LT7 VERE, EFISTIITS v 33D4159F &
4160F N X 7 L 4 F FORIZ 1788%: (CCTGAGCAAGTCCAGCT)
DAL B 7L —L 7 VEERZFED, EFII10TIIFKRY
MDNAZIZERF RO SN kd o 4%, EHEDNASB L UTRNA
X7V 40D528F BN I 7= U AT F o ABRT A
LIZE B IR AEBENSFIE SN, B 101X SEGADA S
EEEELREOER £ BT, MO TRE L7 H R0 K
BREFA 7BETHDEEZONLY, £, EFHITREE
B 78y MEICL D TSC2ORRENFE SNz (M5).
BohlNy FOBEFZFYY P A M) —THIEL, EEa
PE—LVDNADTSC2/5» FOMEX100& LT/ > Ko
WMELTRLE L. EFILITCIREF2 Y be—, ER2, 3tk
RTSC20/8 7 Ko, TSC2/ TSCI1/S Y FBERORF IS
WTHEGFOBEEELTBY, TSC2HIREFO—FHRE
LTWwaIEdREns, EHLIEILESEY» L BEREOSER
BEEOEHERDOTCVEL. BRWERI,LLIELTSC2/

Patient #

Gene Mutation type Exon /Intron Sequence alteration Codon change Previous report
7SC mutations
1 TSC2  Large deletion Large deletion {detected by southem blof) Sampson JR et al'™?
2 No mutation was detected
3 No mutation was detected
4 75C2 Substitution and Exon40 5238-5255delCCACATCAAGCGGCTCCG  (18bp deletion) H1746Q) 1747 Jones AC etal®®
In-frame deletion 1752del
5 IsC2  Splicing Intron 20 IVS20-1G>A Splice acceptor New
6 75C2 Frame shift Exon 10 980-981insAT (Ex10} N363X New
7 7SCI  Splicing Intron 16 IVS16+1G>A Splice donor New
8 7SC2  Frame shift Exon 33 4159-4160insCCTGAGCAAGTCCAGCT  (17bp insertion) $1338X New
9 TSC!1  Large deletion Large deletion (detected by long PCR) New
10 7SC2  Missense Exon 40 5228G>A  (tumor only) R1743Q Gilbert Jet al'®
7SC polymorphisms
6 T8Ci Intron 3 1VS3+15A>G New
2 75C1 Intron 15 IVS15+67-68delAG New
3,5.6 TSCl Intron 19 IVSI19+51A>G New
3 75C2 Intron 15 IVSI5-15G>A New
10 ISC2  Silence Exon 18 2085A>G Q695Q New
2 7SC2  Silence Exon27 3273CT G1091G New
2,7 T5C2 Intron 39 IVS39:5C>A Jones AC etal ®
10 T5C2 Intron 39 IVS399C>T  (blood only) New
Table 7 . Sensitivity of SSCP and HD analysis
Gene Mutation / Polymorphism PCR Primers SSCP  HD
TSCi IVS3+15A>G Ham-3F/Ham-3R X O
IVS15+67-68delAG Ham-15.1F/Ham-15.1R X o
IVS16+1G>A Ham-16F/Ham-16R X X
IVS19+51A>G Ham-19F/Ham-19R x x
7SC2 980-981insAT Tub-10S/Tub-10AS X o
IVS15-15G>A Tub-16S/Tub-16AS O x
2085A>G Tub-18S/Tub-18AS x x
IVS20-1G>A Tub-21S/Tub-21AS x x
3273C>T Tub-27S/Tub-27AS * X
41594160insCCTGAGCAAGTCCAGCT Tub-33S/Tub-33AS o O
5238-5255delCCACATCAAGCGGCTCCG Tub-41S/Tub41AS O o
IVS39-9C>A Tub-40S/Tub40AS O X
IVS39-9C>T Tub-40S/Tub-40AS O X
5228G>A, R1743Q Tub-40S/Tub-40AS o x
Detection rate (each) 6/14 514
Detection rate (SSCP + HD) 9/14

O, band shifts are detected; x, band shifts are not detected.
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PKD1 BB R FEENELN, ULOBETFRETERE—
B45. LR, AESNLZ8DDOTSCRETFERD) 541
(EBIS5, 6, 7, 8, 9 KELTEIATI TIEHREDLZVEHHRD
EETHo7:. Zof, BETFLHEANHITEEBERIE AL
(F6).

FALZ P — o AFEZLDEHUBEORETERS
FUSRHEE S N=H, SSCP, HDHMIZ L 2 HBFTIE K 4
6/14 (43%), 514 (36%) TH -7z, LH»L, SSCPiZ X B
&, HDIC K 2L, EF4DTSC2, =27V 4101838
ERgL, EFSNDTSC2, T4V 33D 1THEBEALIMNIE
HMLAdo//®, SSCP/HDIZL B &hoRNEIZ9/14
64%) Lxof:. SHIIUEOER - £H0H L 1EEBRD
0FIZBRELTAHASLE, B2DBIHMEIZISSCP 4./10 (40%),
HD 1./10 10%) T& Y, HD CHREEIMET T 2 EHAE
A1 (FED.

HIZTH L BERE & OB oW T3, TSCIZEASRTE S
h7-BE2% (EF7, 9 BHHREFELEDLT, TSC2EENF
EIN-BE (EFIL, 4, 5, 6, 8 2k, BHLIIIBRETH
272 (R2). FMBIICEERROTEEMILICOATSC2
BIZTFERLTDERNI0E, SHHREFIT- A SEGA LMY
I TSCOERE R L TV o 7:. TSC2RREDHES
LIZERRAYIZIEZ TSC2 / PKD1 BB IR THEMRBEIC AR L 72, #
DD TSC2EE (EBI4, 5, 6, 8 HTIHERERIZHL »%
EEFDOLNL o7

% £

1993 4EIZ TSC27, 19974\ TSCIRIZFO Hira—=r 7 &
NTLLE, #EHE{LEREIZBITL TSCL/ TSC2EETE
BAIIIEEICHEL, BCRTIRECRBEELZRIEIET LT
L., Lo Lads, BROBSECHEA OEFICHT 5 T2
Wik LC TSCEEFRF#17)101, B, M, 23X, B
WEROBESS Y, RELCERHLAVMLEL TRV, $7-
BEFCUIHRABEOBETERF— Y0 EKIEIL %<, A
ANBEHDOTSCER (Fv P ARy MER) OFER, HEA
BECBELBRER OMEYFD 20028 L TERATS
5. SSCP#HDILL BRI Y —= v ¥ DA EH A OK
LB L, TSCRAEFEROMEEIN~60%LITLDE
FREVD B WEHOWilson 5312 X 5 TSC2HIZTFERD
BECIE, TSCEAEIF AR L LTERYAETE/DIXY
Bl (30%) LRI EL o, THIEHES A CDNAE AV
EERY A5 —PHESFE (reverse transcriptase PCR, RT —
PCR) # X— A& L7:SSCP%fTo7-Z & LBFH B, T4
bhH, HZLDTSC2ERIIMRNAV NV TARREE LY, #
HNTOFFEIMRE SN BHEFR, RT— PCRTIZE £ H mRNA A
BICEISNTLE ) TEEFHL. ZoarlZEESR, M
BOMETIIENRSDNARSHERIE L, =2V Y TEIZPCRT
IR LTS 2 FEFRA SN TWwA, SSCPRHD Tit, ¥
VR KB ABEROMK, BE, KBRELZLEOEFIIL-T
BETEREENELRL. LA L—20&HT—HICHREEE
PEFZLidRE VD, HMHEL LR SERICE, FAL
BEFTELBERLEMTRB L 20T 4 53, FHEMICIE
B R VEROTALKEY, PHBORECSVTLkEISE
R KB AR —E L TWirh o2 &85, HHLTERRE
FILEDPHLIEDERIZRE>TWE. 2, ThLHOBED

B s, TSCRIZTERBITIZBIT % SSCPRHD OEEE I,
GHERELZLLTHO%RBEILLEEZIDEEZLN
b, SEORFTTIE, SSCPLHD # B FNFhOEES
BT ET, RBFRMBIELTBYUHOBILELR
LLALETS, EE5OT v LA EI—EOKEBIELTVAE
ZRONB. PARKBOEHETELAIE LTS ThU EREE
Byem LIIEH RV LA TFEIN, & LAHRBORKETTH6
ENIEFEICERTBRATEL I LA MMIREEELIONS,
4 Jones 52, SSCP, HDIZInz, #¥ 72y b,
long PCREZHEHTZ Z L2 L 1) 1505074 120650 (80 %) TERE
#F®E L7, F7:, Dabora®b®it, EHEE#EAkr O~ by
7 7 4 — (denaturing high performance liquid chromatography,
dHPLC) iZlong PCRB L 'ERHIPCRE A, 2246+ 186 %)
83%) ILEETHRHU LA, Zodh7 ) HRIICALTSCE
EFEEREEORRATHELEZOND. 72, ThHDFH
XOHERIE, SSCPRHD LD, =7V BDOPCRE N— 2
ET LB ATETIIRBTELVWRELZRELE ) ERIL L
POTHETDIEERLTWS, BEORE T, TSC2#E
FZFTEFFr 70y MESBLWVIZNNVRA T 4 — IV FEKXE
BICE D BB ~RK20%BDORRESHRBEINTNEDID, T/,
INETTSCINDKREDHREEAD SN 007228, FiE
Longa & ™t 4 » b1 2055 3 JEBHEREBU AT 2 TSCI
DEETFRARREDIFZHRE L. 40, 4 D long PCRiE
BIUHH 7oy MEERHATEET, RREDO28] (¥
>7ay MEIZXZEMNLOTSC2EEEFDRKY, long PCR
WX BEBIOD TSCIRIZFORKEK) #FEEL, REHIIEE
ERHMELSOUIITHIENTE.
TSCEEETEROBIIIBIIHEL NV EBENTEL D S
LWz, ZOXHICHEBEORERIEZTFHVFELEL, £4%
Boxr v zb, BEONY—UHBEHT, ok b
AFy P OCHBIERREOREZ TR EBRKCHAL L C—
B G ERSETITOICERE, a2, FEHR2ESOBRE
TREMEFZREINS, T2bb, BHRLEBZHEIZ LA
, RFICLbERMICERETHT L ERkashs, B
HEDEZAH, BEMEDNAR LY V Y BIZPCRTHEIEL, ¥
CEEINBERERAGHTETRIETAONAS V¥ —F
BRIV ==y FHETHL. FVICERKE® LEBOK
BEDENTASLFEL LTIISSCPEHD RO EHEINT
WBY, MIZOEURREAR Y VERKE (denaturing
gradient gel electrophoresis, DGGE), BEAQR S LV ELiKE)
(temperature gradient gel electrophoresis, TGGE), BFEAIL]
Wik EDFEVEHL., ThoDFFETTR S LVOMEE
REHRBEHIZL > TREEFEHTHIEAFATENTVES,
BEOFBTIr V2R 200 BEEEI X2 BB
OANPKEV, SROFETIZISSCPEHD #F— D% )V TH
—&BTRTIEICL), EVICHBNCERZRBL, &
B EE L CTEEEN 2 BRELERNTHILHFTE L,
dHPLC # BA T RITRBBE M LT 2 THERYH 0, A
BFTEBETHL-OFHOERT Y, HRTIX1FHHE
ExVBETHD, FREBRUAICEERL Tyin,
EEOMBBREILEDHEETRAVZE LTLHER100%1213:E
LEvoT, A7y —=r7ildhREicBEL i, ¥4
L2 =2y SCHEERENEFRETS LR, 4
%, RMTHELRAZ ) -V FEOBRBERESS S LE



FEEMERELIE I B1T B TSCRIZTEEIFN 71

AL, 2BREROL — 203 v VAL ELRRELS L =
ENFEING. AEDT VT XA T, SSCP,/HD @ik
KEAVI V=2 2y TR fFo72. L L, 4EOH
FLEBLCTSCI, TSC2ZORRENFEEAATLERLEBLZY
’fEF‘F’C“ﬁTf?‘é ZEHMIRENT/%, long PCREEEMFH

>7ay FPTCRREERAL, BolERKBELTY ALY

M= XV TEFFIAPLIDVEHEMNTHALEEZON
5. T, ER0OL ) ICEEMBICLAIERSALRL Y
FHREYA 7058050 50T, TETHIILEER
KOREERETLIELEVZETRETH 5.

fEFI2, 3B L Cid, ERRRASICITE M ELERERTH
DRFLERFFAETE Lo, FOBBE LTIV 20

TR EZ LN, HE1Z, EFI0 L FARREY A 2 EKT
HY, MEMBICEE VWY, BEZFFOMBASDL L VT
BTHsb. ZOHKEIT, HFNERHEES CHBEMNAS IZHRIL
TELEHEHREPFIRATENIEREFFAETE A2 WHRENS
Vv, Fi, BERRORETLOHMBIT 2T A, ShlEd
HG&T&B@t%BKKE#%éO#%ﬂmfééﬂ%ﬁ
Hhb. HE2F, HERERT 7V ICBEREIL L, HETFHR
I EESHEETHIRMTH S, L LKRIZIZTSCEIR
%ﬁﬁ BROERFOHRG I H\v. Bk, TSC1, TSC2L44

HEMBEILECEERETIFET AWMRESH 5. BED
a_at@;o&ﬂﬁ%ﬂ%%wféﬁﬁﬁﬁkkwézﬁw
BHEIISOBEEIZLET A LN, BIDHETENERE
AR D BEZ RS V. TSCI & TSC213 % D/IZFE
WHAEREETAILIL s TEHL D, EEL0RIETER
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Abstract

Tuberous sclerosis complex (TSC) is an autosomal dominant disorder characterized by the development of multiple
hamartomas mainly in the central nervous system, skin, kidney, heart and virtually involving in any other organs of entire
body. Two disease causative genes, TSCI and TSC2, were cloned and many mutations have been reported in United States
and Europe. However, it is still challenging to detect the individual mutation in each patient with TSC, because, 1) there is no
mutational hot spot in both 7SCI and TSC2, 2) there is a wide mutational diversity from the point mutation to the large
deletion of entire genes, 3) a significant population of the patients has mutations with somatic mosaicism. Furthermore, the
sensitivity of two major screening methods, the single-strand conformational polymorphism (SSCP) and the hetero-duplex
(HD) analyses was not yet been certificated. In this study, I developed an algorithmic TSC mutational analysis system,
including SSCP/HD, direct sequencing, long PCR and quantitative southern blotting, and applied it to ten Japanese patients
with TSC. TSCI mutations including splicing mutation and large deletion were detected in two patients and 7SC2 mutations
including large deletion, splicing mutation, missense mutation and three frame shift mutations were detected in 6 patients.
Patient 9 had two different 7SC1 large deletions as the somatic mosaicism, and patient 10 had 7SC2 missense mutation only in
the brain tumor. The sensitivity of SSCP and HD were also examined. Through the direct sequencing of whole coding exons
for all patients, fourteen DNA rearrangements were detected. SSCP and HD detected 6/14 (43%) and 5/14 (36%) of these
rearrangements as band shifts respectively. Nine out of 14 (64%) rearrangements were detected either SSCP or HD. Two
TSCI patients and one T.SC2 mosaic patient showed less severe manifestations compared to other 7SC2 patients. Taking these
findings together with previously reported TSC mutations among Japanese patients, it is concluded that there is no TSC
mutational hot spot in Japanese population and there is a considerable number patients showing large deletion of TSC/ or
TSC2 which is undetectable using screening with SSCP/HD and sequencing of each exon. An algorithmic approach of
mutation analysis, which includes several different methods and is arranged systematically as shown in this study, is
indispensable to perform DNA diagnosis of TSC aiming for clinical application.



