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XHEG®E -7 7 ) VIIE2FEZRICET %
TNt VBlF e v F - B BETRE OB

SRAPEFBELENEHEME (X 50 HEED
B F H £

XEHE r-7' = 7 Y VILAE (X-linked agammaglobulinemia, XLA) i1 B ) v B AMIIC R4 {LRE S 4 [B5%
B L RE s/ =7 ) VEMET T2 o8l e LeRERORETAERMETH 5. BEBMITARICILIL RH®E
L OMERRARET ALY, RS e 7 ) VEREESADEL LA, HE XLA OBFERET btk BEEIH, 20
BETFEWIT A vBF v v e~ (Bruton's tyrosine kinase, Btk) & fr4% X7z, Btk 0B, XLA BE k5
BETERIBECIOBEEULREIR TV, 49O, XLA © 2RARIC>2HEE PCR ¥ (reverse transcribed-PCR,
RT-PCR), PCR # 4 v 27 } & — 27 = v R g (PCR direct sequencing), ¥ & & & PCR ¥ (competitive RT-PCR,
CRT-PCR), # X0 PCR AWz A v b = VI0FEFIEND 2 # L0 O 4 DOFHEIC & 5 R/FiH: Btk BEFEROE
FrxfT-7z. FR 1T Btk OBRER, —~H07 v 2~ 2 —BF2 ST 5 MFESRER, 3 5EBRE, 1~ e 100
RSSO T B THEERIIIER TH -7, CRT-PCR IZ k b Btk BETORERBL LTWB I ENTIhE. &
R2EBUTRAV IR VIBDATSA A FF RGN SLCAD | HEBRARDShl. ZOFERDA%H Btk mRNA @
REILATFIAAREL=2 Y VIEL =2V VITORICEOEHT DBANE Ule. 7, ZOBROID=2 Y v 16LA [ 7
V=47 PAET Btk 2 Vot 2 B AFIRMAS LTV o, CRT-PCR OFER, % 2128\ T Btk mRNA BDETFTHE
Dhhich, ThRERC L > TRERATZA ARELT5 mRNA OEEUEMETF Lk EBEhiz. %2108
LREFZE % PCR LERNEETHRAICHIBESE Pvu I BSEEHAGTHG, BEORO—AREEETHD - &
PHIER Lie. BB RRM SR Epstein-Barr 7 4 L ABBERRBHRKCET54 v+ = VIODESESIIERL, 2L biC
AFMEERTED, ZOZLRBERROBECHFET 2bTHEBHLRECRRAL TR OFYER LB LTS L
RREE L.

Key words X-linked agammaglobulinemia, Bruton’s tyrosine kinase, gene mutation,
competitive reverse transcribed PCR

XEHE y-2 a7 Y VISE (Bruton &, X-linked agamm-
aglobullinemia, XLA) 1%, 1952%/NBHE Bruton I & » THE
Shlce t OBEMEEFCETAENOBRCHERTCHS.
XLA RXEEEUBREOHAE L b, ANKNBERRC R
WTRRMMEFRDOB Y v _EKE20. 1% L F & EHcm L,
MERLE 7 27 ) VELRTOLBEC R TREEBELRT
(E% 1gG 200mg/dl k¥, IgA 5meg/dl i, IgM 20mg/dl
RiF). BEIOOBTRENISETHEEK6 » AEL 0 ik
WRE, B, 1 vy v ER S Ui MR R
#, FES, BIRES) ¥BVET IO BEEDCBA KN
ELOFECELSELENBS. V) v AREROETITET
REY vAfiMmEh T, oBRMk - 75 1 FLERRY
T, Ef, REBRRADZ2CHHELLPEEYRDD - LT
Tous?,

BEORMBMIC BT BHARER LTV B NEE+FDB
ARMERERER TH D, EE XLA ORBBIZBROHML -

FRTEIZAZBHZSM, P84 AITHRE

BHAOEEBCRHALELBLND LA - Tt., FAHE
19B¥FERARBEOEAEETHERESh A vElsFrr v e
J — 4 (Bruton’s tyrosine kinase, Btk) & 54 X 1729, Btk %
FRET Src BUOBELHL AL HF LV 75 1Y)~
BThELeTs a2 —Reresvdr—¥ThHN, BHBEOYL
LB s Miar s S FNERECEEBHEL L TWHL0
EHEE Shic. Btk ITHIREREY, H{BREERN RN
» b BATEEMMR, RABMR, A3k, HEELU%ETHRK
CRERYRDD2HMTHR, BEMR, EEnHERce
Robhle™, ik, Btk BEFOA v b e vIICRERC
BlE5E32 L Bbh2RHEEERDH 0, ZOBMIRABMET
DBIERMNZEE 2 F LI T OB Z ERHbR TV 3B,

Btk EETF O #E%, XLA BEICBIT 5 Btk BEEFEREMN
e ELBETh, FREDBRETF VAV TOEELY - RRE
WA TH B Z LRI, 5, SIRARESRE
PR TEEBEF D XLA2 FRICB L Btk #EFORYE

Abbreviations: bp, base pairs; Btk, Bruton’s tyrosine kinase; CRT-PCR, competitive reverse
transcribed-PCR ; DEPC, diethyl pyrocarbonate; DIG, digoxigenin; dNTP, deoxyribonucleotide triphosphate ;
PBS, phosphate-buffered saline ; PH, pleckstrin homology ; RT-PCR, reverse transcribed-PCR; SH,
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B L, BEDOBETF LA TORY, ZRNOLHEEREE Family | I-7) B XO'BER20DHE2 (K1, Family 2 11-6) i
DPWE R, RUTIRBRIC KM & » Epstein-Barr v/ W ABELBRRB
fifatk (EBV WEEHMAR) "B Sh TR &G L LTAHL
HBESLVHE BIETEE. ¥, ThERICEER L OREOKMM
1. % % PR LEAMBRSE L D DNA-RNA ZdhH LRB & L7z,
WNERERAFESHNERICTRBEESD XLA 85X ERFROBECRT LB E COKE, BERERZLUTO L
IVCZTOFHED 2RZRTHS (1) ARFRELBEETFRENC BOTHB.
IBEE, RREDEOTERICOXHBPLA VT +— 4 F2 FR1-—BEL (K1, Family 1 T-7): 44, BCHERY
vV RERRBICET YR LS. ER1O0BEL (®1, OFELLEBL TP, 2107 ARCTH, RED 0
EZ®. 0L EOKRET IgG 80mg/dl k#§, IgA 13mg/dl
1gM Timg/dl &K r-2'm 7'V vIIFER 3%, ¥RHEN 2. &
. Y v, OBROEHRYRED, KmP Bt R
Family 1 1 _2 B»F. XLA ¥EbhD.
I EFI-( ) FRL—BE2 (M1, Family | 1-8): FRBEDH. 44
BYEOHELLCFB LTV, B r- 727 ) vIfE
1 2 3 6 FRDIcD 6 & AR BRERKTT. 1gG 40mg/dl, IgA 3mg/d,
I é IgM 10mg/dl L{EMETH H, Ki§mPCBHRERDT. &
e XLA &2
616263 ﬁ‘t (55 8 7%, R 1OEE (W1, Family 1 1-5) IXT% & O
111 B (K1, Family 1 1-6) 33 7ot 6 FEHIC MBI 402 T
Vi FLTHD, KRS XLA Tho- L HEENTREIS,
FH2—HBF%1 (X1, Family 2 T-3): £ LIT5H ki
Family 2 IS 3B, SMEI VP EAPROETIOCAD. 6
1 2 B, ETEEERECTRIBEAR. 0L EOBRETE -2
| D_l'o r7Y VIEER IR I 4B EZ2. 186 50mg/dl Kifi, 1gA
10mg/dl &, 1gM Tmg/dl L{EME. NERKIESFLED S
1 ,éz 3 4 BE. KMMEBRIIZ0.6%. XLA REbh5.
II FH2—BE2 (K1, Family 2 1-6): 4% 2 @ORBLE
BizACERS | B TRE. £% 4y AR TRIAE 2. 1
11243 4 5 6 BRRRC IR CHBEARE. Z0 & & 0KE T [gG 68mg/dl, IgA
III 2mg/dl, IgM 38mg/dl L{E v~ 7= 7 ) v ilEXED, YA
A | AEVB. KRS BAIRIZ0. 1% LT . RERR, RREL D L
Fig.1. Two pedigrees with X-linked agammaglobulinemia RBFEHR2—BE1 LT XLA 2.
(XLA). Arerws ir}dicate the Proband.s (.)f' each pedigree. WEROBEE S BWEIT, MiF 1gC & 300mg/dl UL F % Hik
-6 of family 1 died of bacterial meningitis at 6 years old.
5' 3
utrl PH SH3 || SH2 SH1 UTR
Bxon | 1|2 lals|6|7] 8 |opojur]fiz fi3) 14 |15 fre]17]as | 19 |
¥ rirnri | DL I | 1 ¥ ] ] | L] 1 1 |
E3 BS
"‘""—" C3 AS —b———"'*"
ES > B
Exon 1 S H A3
Promotor Intron 1
T D // //—— Exon 19  jre——
»>—< >—<
PSs P3 F5 F3

Fig. 2. Locations of PCR primers as related to the protein structures and exones of the Btk gene. (see Table 1.)

src-homology ; TE, Tris-EDTA ; UTR, untranslated region; xid, X-linked immunodeficiency; XLA, X-linked
agammaglobulinemia ; EBVIZEZE#4}E, Epstein-Barr v 1 /v A B # ZBHIaRE
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THISEALIED r- 7w 7Y vEXREY TSR TE D,
HEE CEERPEIRDTEAIRFTHS.

1.5 &

Btk B{ZEFORFEID & LT ORI I BT 2 R A7

1) PCR #, #E&%E PCR ¥ (reverse transcribed-PCR,
RT-PCR)® iz & 5 Btk BEFOBMFES, 5 FEWMRAE, 3
FEREROFA/ RIEROKE .

2) PCREA VI by —2=v AN k5 Btk SETFH
RE|E, o FFEREE, 3 FBRER, 8L04 v e vI0R
HOFAMBRO LB ERTIRE.

3) BEAWYEE PCR & (competitive reverse transcrived-
PCR, CRT-PCRP® 1z 1 % Btk BEFRBEEDYEE.

4) HIPEE#K Hap I #{t DNA %#tk: L1z PCR ¥ic X
B4 v+ e VI0BREEED £ F b OkE.

1. BBo#fE

EBV WEZEBAMEIZ10% 4 J4 R M (fetal calf serum,

FCS) pn RPMI 1640 5412 T37C, 5 %CO, 7 T CREBIYIE

®, 10mM Y vEREEW (phosphate-bufferedsaline, PBS)
2EgEE LER & LTHV, %7, CRT-PCR Dav b r—
NnELT IMI (e FBY v SERRERILARAT), Molt-4 (2 F T Y
VAR RIS RAE LR L L.

RIEBIRILZ A~ vinm e LCERERL, €280 1%
FEALF Y (PBS KEBLIZSD) ik  BEEMEE
RTISHE. PHLAELBYANORBRTCBLED
1500rpmX 5 HDFEOLTHMMK S ELER. LY BRES
0.2% B R N2 BB, BALIchniRYEm. HMmE104
D1ED].T85% DREAREINZEF & L 1500rpm X 5 40 3%
OTHAmMERS B ER. 5% PBS €1 E%E, EOER L
HEE LA,

2. BB I voRBOME

B 2 X 10'{E% PBS Iml w BRI, 10mg/ml 7 = 7
F— €K (FHMETE, KR % 1004 %k, DNA/RNA/
FF AP AT 4 7 341 (Perkin-Elmer Applied
Biosystems Division, California, USA) i C &4k & h Dvta ik

Table 1. PCR primers for amplification of the Btk gene and the $-Actin gene

Primer Sequence Ta (T) Position Product size
P5 5-CAAATGAAGGGCGGGGACA-3 57 5 UTR 320bp
P3 5-TTGCTGCTGCTGCCCAGC-3 and promoter
E5 5-ATGGCCGCAGTGATTCTGGA-3 54 133-615 483bp
E3 5-ATTTTTGGCTGTCTGAGAGCA-3 (PH domain)
Cs 5-ATCTCTGCTGCTCTCAGACA-3 54 587 —966 380bp
C3 5-CATTTCTATGGAGTCTTCTGC-3 (SH3 domain)
D5 5-CACTGAAGCAGAAGACTCC-3 54 939—1350 412bp
D3 5-CTTCAAGAAGGTCAGGTCCT-3' (SH2 domain)
A5 5-GCAGGCCTGGGATACGGATC-3 62 1294—1811 518bp
A3 5-GGAAATTTGGAGCCTACTGAG-Y (SH1 domain) )
B5 5'-CCTGAGGGAGATGCGCCAC-3 62 1587—2122 536bp
B3 5-AATGGCGAGCTCAGGATTCTTC-3 (SH1 domain)
F5 5-GCGTCCCACTTTCAAAATTC-Y 54 3 UTR 529bp
F3 5 -GGAGGCTGCATGATTAATAG-3
G5 5-TTGTGCCTTTAACCTCTGTG-3' 54 Exon 16 252bp
G3 5-AAAGATCGGCAGAAAACGCT-3 (family 2 mutation)
H5 5-TCTCTGACAATGAAACCTCC-3 54 Intron 10 259bp
H3 5'-AAGTTCCACGCTTGAGCTAC-3
15 5-CTCGAACTCCTGACCTCAG-3 54 Intron 10 271bp
13 5-TCTCTGACAATGAAACCTCC-3
BA5 5-TGGACTTCGAGCAAGAGATG-3 56 B-Actin 320bp (mRNA)
BA3 5-GATCTTCATTGTGCTGGGTG-3 Exon 4-5 415bp (DNA)

PCR primers were synthesized as above sequenseces and ditermined optimal annealing temperatures (Ta) for each
primer pairs. Primers E5/E3, C5/C3, D5/D3, A5/A3 and B5/B3 were used to amplify the coding region of the Btk
gene from cDNA, and P5/P3 and F5/F3 were used to 5' and 3’ untranslated region (UTR) respectively from genomic
DNA. G5/G3 were used to the DNA sequence including the mutation site of family 2 (Fig. 7). H5/H3 and 15/13 were
used to Intron 10 regulatory sequence (Fig. 9). BA5/BA3 were used to amplify the A-Actin gene for control of
competitive reverse transcribed-PCR (Fig. 3, 8). Abbreviations: bp, base pairs; SH, src-homology; PH, plesktrin

homology.
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DNA ##H Liz. B85h% DNA 120.2% TrisEDTA (TE) £
¥ CmM FY RT3 4%v, 0.2mM EDTA, pH 7.0) ¥
. —H%E b 260nm OBRKELPE L TDONARESEHEL
. ERLEBEREE RNaseA (= vy Bve—v, BU) T
RNA #9387 =/ —n/7 emrlafill, =% — AR
TEERL.

# RNA o3 Chomezynski HDFED R LT D X 510k
BLT o, 1BBODE UM Z7 =0V F+ v 7T x— 1},
25mM 7= vEF YV v A pHT.0,0IM2-AVB T bmg ) —
L, 0.5% N-Swasrdrayvlgrr ) oa) el /1058
D 2MEEEF VYA pHAL0 &, 1FBO-REBC=FN
(diethylpyrocarbonate, DEPC) LEKIZ TR LIc7 = / —
PEALXKEIER. 1. THELCHSXI0CES LXK
Iml 22 B<EE. 02ml DZraixits (A VT IALTH
I—AEMEIIENHD) BMELAELT » 7R § FH -1 T20~
OBHRE. BRTSHSBER, HESHELIELHE (P I —
BT, ®E) T 15000rpm, 204/, 4 CTHELOHE. LB
SBOAV Fu ) —AEMARSERL, BRTHHER
B 15000rpm, 209/, 4 CTED. BEOBEEEYR T,
B RNA) #756% =%/ — A Iml EEREIREE.
15,000rpm, 547, 4 CTEL LIEBZEIRE, EEXTEC
BRESRTSOMKE. mBRLEHEILS. IXTE BHK
10mM + Y 27 3, 22V, ImM EDTA, pH 6.8) &L
260nm OBRAEEXRUEL TCRRNABREXRE L. Fi,
260nm, 280nm DWEE DA HE L RNA OfMEOSEL L
Tedh, AEWXC X - THBH B RNA & OD 260nm/OD
280nm = 1.9~2.0 L EbDTRIFTH 1.

3. 1&$8 cDNA DA

LR LS THBLNK RNA2ug BRI E LT Vv LT
4 =~ T 1AREH cDNA ZHE L. ¥7, B RNA 2ug iz 5
VEANFFRIVFAF PS54+ — (REE, ER) 80uM,
1.5ul #inz, | XTE EEHK (pH 6.8) THRE 25u W iH%.
GeneAmp™ PCR system 9600-R (Perkin-Elmer Applied
Biosystems Division, California, USA) % I\ \65°C T104-[E#
B, 20T CETAHEH. ZDEEBT RNA OEH LSS
A~=D7 ==Y vI%Tot. B EHFERIGK [100mM
Tris-HCl (pH 8.3), 200mM #f{k v ¥ & (KCI), 20mM &t~
7xvy a (MgCl), 20mM £ FF A L4 } — s (dithiothreit-
o, DTT), & 2mM FF* F v UV KX 7 L A4+ V=) VB
(deoxyribonucleotide triphosphate, dNTP), RAV-2 (Z{lE#)
10847 ] 25ul &%, 42°C TE0H IfRHFF L cDNA # SR X ¥/
%, 90C, 2 M THEERER RAV-2) 2 AIESLR. RKIGK
T# 1XTE 8% (pH7.0) 504l Nz 1004 &L, 1A
@ PCR FIGIC Sul %88 L LTAW.

4. PCR 7514 =—DEK

Btk BETFOBREE, — Mo e 2 -2 —EI 25 5 0
FERMRER™, 3 ASEERER, 1 v b r VIODBHMER, Bk
O CRT-PCRDavbr—ELTBT727FvD PCR 7354
<= —%{ERL%. ZD 5 b A5 A3, B5, B3 ik Vetrie 51
fote. TOMDTFA4 ~— R3S EHBETEH LLDIDOTH
3. %1, R2kSEMAWe PCR 754 =~ D#hr, HEiEd
Fl, 7=—V vRE, PCR EHDOKEIH—HICLTRT.
54T —DAHKE DNA v v 44 ¥ —xF,0 391
(Perkin-Elmer Applied Biosystems Division) {2 CT{T\~, #¥HH

BEHEI o= 574 —TRE L., 2, —HD754
-3 7 avBRASE (AR CERFELTLOR2EZDE
FHEB L.

5. PCR XU RT-PCR

s DNA @ PCR i2HiH L7 DNA 0.2~0.5ug 288 &
LT, &K 02eM & 75 4 =—, £ 200tM © dNTP,
PCR FUSKEBH (10mM Tris-HCI, pH 8.3, 50mM KClI, 1.5mM
MgCl), Taqg DNA £ UV »# 5 — + (Perkin-Elmer Cetus,
Norwalk, USA) 1.25Ef % Mm% £ & 50ul T{T-7. Fi,
RT-PCR iZi3 EER7A% L7z 1 A8 cDNA D 5% 54 # 1 @D
RS e LTROCART- .

KT GeneAmp™ PCR system 9600-R # FH\~, 94°C, 54
OO, 96T, 30¥W, RIWFRT7=—V v 7RET
308, T2C T30 DA 2 LE35~404 1 7 (T 10,

RGBS D 1 BED 24 7 1 kBEEK (0.25% 7 = %
T2l =NTN—, 0.5%F VLT =N, 15%T7 43—
400) 2Nk, 10 % 3% 7 #Hr—A5 ) (Hl4-Takara, B
B KB L=FoyaFa~s FREK, SEREEE (
FUAANIF—F—, TFav) LTRELL.

6. PCR &4 L7 bv—2 =y AEK L BEERTORE

PCR, RT-PCR 1= TH#18 L 7= DNA ¥ F 12 DNA cycle
sequensing kit (Perkin-Elmer Applied Biosystems Division) %
Auwty -5y vARE®2fTWw, DNA ~ — & v % 3TIA
(Perkin-Elmer Applied Biosystems Division) = C %7 L7z .
V= VATTA =& PCR S5 A% X DEXHEH
L, R E#D PCR KIGHK L » Suprec 02 (EHEE) 12
TERLT 74 ~—, BEYRELCLORFER L. KGR
GeneAmp™ PCR system 9600-R #{#FRHL, 7 v— % FT®
BCTIZHEE L TR HI6T X158, 50Cx 1#, 70T X 44
DY A I NEBERIELE. RIGEIE 7 =/ —A /2 vRr%K
A TR TS 1 = —, MHEREREL=F /) -1
HRCCRIGEDYEIR L., v — 2 =v 2% A Long
Ranger (AT Biochem, BEE#i& ., H2) % H\ 1xTris
Borate-EDTA (TBE) BE#IZC 40W EBEETHKE L.

7. CRT-PCR &Iz 5 =2 v b =~ (FA) DNA OFER

PCR BiIHfEROHE L HE DNA BIIZHIE L CHRET
AlLoBHERECIIENL TV 52, BEEE A BRI
Lo TEELZITR TV, BEROTBEEYORBIILTL
SERPCEEICEEhic B DNA OB EEMICKBRT 5 b
DTIEIe . EER—#HiE% PCR RIS THEIE X284 T
THRREYDOBIZIBF IO /B0 THS. Ll
4HTIZ PCR BO Ry £ LEERE» SEENCEN L
35 DNA B2 EHT 202 HFERERI ATV
L. ZITREETHH LrLIEERKERCFTELELT
CRT-PCR &x &ALz,

CRT-PCR 12 PCR KIS & 5 HIE OB BE4B& DA =
VIR —ARBRERCEL FETHE. EANLLESEYR S
A wRY. PCR OBIERA—D 754 ~—CHIBIh 5 EHE
D=avhr—,L DNA (BH® PCR EH LEKFIpi2L L HEE
RATHAB) ML, BHDO DNA OB L HEAERS. a v
tr—v DNA B (BE&) BB »CE L, #{s cDNA &
(RED R—E & LERIGEYEHMB>< b PCR K THIET
%. 3V br— DNA BEVRECEEH S ENO DNA X
DHHWEAIZa v e~ DNA BECHEEBEINL ST P —I2

SO N
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ZL, Ywavbe— DNA OB RVBEITIZERNO
DNA OFREIHBI/BEND. 2 v = —/L DNA L HBOD
DNA OEARIFE LW I 2 EFRBIERABEEIEIN S
lizie B, (o T, RIFRSKHEE I A RISKFICinZ i
av e~/ DNA OET, BEFKEETISD cDNA DE#IR
TN TES. PCRORBEKIEF = — 78, RBREOIIL
SERKREVH, TOFETHHIEAH = v v - & OHEIE
DEEYHETALDRIGEOES2 &0 b+ iiZIER
WEDODNABYEETHZENTES.

CRT-PCR DA®D = h v —,L DNA 12X 3. B 7R3 & 5 i
BTER L1z, 751 ~— D5, D3 THIEIhDFEOFIZIZ
Vi Lo HIRREESE Pstl SHIRA3FEFE LT\ 5. D5/D3 PCR E#Hy
% Pstl (EEE) THLLEBO T4 DNA V5 —+¥ (EHEL) T
EERE. TORIGEYYHEHL L LTHV DS D3 751
<=—T PCR RIE&¥ B & 20D Pstl D60 &%t (base
pairs, bp) DEHERINARE LICHIBEDLBDL LN TES.
BEKBC OB =7V 27 v <4 VTHRE LEARRS
TRREDDBAYV FEHOZETOHL, Tht b Suprec 01
(F{HE) T DNA #[ERT 3. @R L7 DNA 2 pT7Blue
T-Vector Kit (Novagen, EilE) #HAVWTT IR I FRI7 &~
iwze—=v271, E. coli IM109 Competent Cells (£ ) &
WEE#R. B—ar=—% LB M THEEL CCl FEARS
EOERZTFZA 3 F DNA R L. JRIKDNA 0T
B5 L DNA @ 3 %MD PCR DHIBRHRIZIESH D XA
TTLATREMADBZEXERL, BE LTS 2 3 FiHl

A
Amounts of
template DNA

Target cDNA mma

Competitive

DNA — e EEE

PCR '6 ‘6’ '6

reactions

PCR vV

results — = —

Target —p| @ o == = @& -¢—Competitor
products products

[BE235% EcoRl (M) T 1 #FFOAGIK LIESH 2 A4 DNA &
LTavre— @S DNA B,

WEEBEFIC L5 mRNA © cDNA ~NOFEBRHRDOIES O E
YERTHIH BT 7+ VI THRAMK CRT-PCR HD 751
- LUz vie—n1 DNA 2BELE. K3, BLRTE
BIBTZ2F VDAL eV 44T %5bp LEL ZOFE KT
PCR 75 4 ~— THIE T hi¥ DNA i 415bp & cDNA
(mRNA) 12 320bp IZEiE & 5. 4/ A DNA 2R L LTH
BL7 PCR E#H% LR ERABIC ST A FR7 42—t 2 m —
=v 7 UM%, AIREE EcoRl THLLa v br -
DNA #187:.

8 . CRT-PCR Kt

CRT-PCR Kt IM9, Molt-4, TFHEHERMM X vz Lz
EBV BEZE®RMIk, XLA &% EBV HEEHEMMRKkL b £
SHEICTHRE Lic 1 K48 cDNA 28H L LT,

Btk KB LTI F 2 DRIGEHRICIN 2 A8 {& cDNA DEIT
5l — &L LTEE, 2vbr—n DNA O FHREYEKX
8.0x10' @/ KIG & b 2 BFHFICTL096%5 D 1 ¥ CISEFRE (&
N TOXI0YE/RIE) Lic. RIGEHOBRHIZLH=Fo v 47
rYf FRETT - b, K2 HEBkR EBV HEEHRAR
¥ L U Moltd T Btk REI2F5 < PCRA0 1 2 L THEH
BERRTHTHole. FITHF I ey tETREREY
HETHZ E RN, PCRIZ0Y A 21 L, BEKEBBED
THa—Ar A RBESRHESF 1 = 2 v 7 L v (Boehringer
Mannheim, Mannheim, Germany) IZ8E. 120°C, 154 @34l

" Btk 3 -Actin

D5/D3 PCR 64bp Genomic 95 b
P

product i DNA
Pst I Pstl
D5 1220] | 1292 Exon 4 Exon 5
ol - <

412bp D3 BA5 Intrond4 pa3
Pstl digestion PCR
and religation ampification
Pst I
D5 1229 BAS
348bp I D3 415bp  BA3

PCR ampification of the
ligated DNA fragment

l

Cloning to T-vector

A Competitive DNA
T PCR products
348bp

A

EcoRl

“ EcoRI ps b3
digestion

415bp
pT7Blue T-vector smmm- [ -Actin

> <
BAS BA3

Fig.3. Quantitation of mRNA by competitive reverse transcribed-PCR (CRT-PCR) assay. (A) Schematic representation of
CRT-PCR method. A dilution series of the competitor DNA and an identical amount of the target cDNA (sample) are added to
each of the PCR reaction tubes. When PCR results shows target and competitor products are nearly equal, initial amount of
competitive DNA added in the PCR tube indicate the amount of the target ¢cDNA in the sample. (B) The strategy to
construction of competitive DNA clones for CRT-PCR. D5/D3 PCR product of the Btk are digested by Pst I and religated.
Genomic DNA PCR of BA5/BAS3 primers amplify the DNA segment including intron 4 sequences of the B-Actin. Both DNA
fragments are cloned into T-plasmid vectors, and used for competitor.
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Bzt »C DNA % 2 v 7 L VicEE Lic. #i50& Rk D5/
D3 PCR 4% pT7Blue T-Vector i 7 m —=v 7 LIS Lic
-5 2 3 F DNA ##% & L DNA Labeling Kit (Boehringer
Mannheim) % T =% & ¥ = v-dUTP (digoxigenin-dU-
TP, DIG-dUTP) CE#H L7 a —7TRER(Z VX LT 71 &
B, AVFLYEFTUAL T XA L~ 2 VI [50%F 14
7 3 F, 5XSSC, 2% blocking reagent (Boehringer Mannhei-
m), 0.1% N-S o rmf Ay navvyBFtY)va, 0.02%
SDS] k42C, 2R E R L, LS —FRT L
ATVEAE—v s VIRTIRZ b DIEE 2 42°C, 20W MK
. RIGRTHE A 7 L v 2xSSC, 0.1%SDS B CERER10
e, X B 0.1XSSC, 0.1%SDS B TT0C, A4 B
L7-. iz DIG Luminescent Detection Kit (Boehringer
Mannheim) 2\, L DIG-7AH YV 7 2+ A7 » 2 —EHifk L
FJG#, CSPD (Boehringer Mannheim) D{bZFEI % X#E7 4
v & (FUJI MEDICAL X-RAY FILM New RX, E+EE7 4
A, HERI) TR L.

B7 7% v® CRT-PCR i Btk AW DER—D
cDNA BEXEZRIGCOERIZY bul . =v b e -
DNA &k 20X 10" @E/RiG & v 2 fEFRRIITI28H D 1 ¥
T TA B/ 3.1x10°@/RIG) fE%. PCR 23391 2L L,
=FUVvATRYA THRECTHE. RHREDI TS TH-
7.

9. 4 v =r VI0BEMERD » F{LORRER

Parolini "1 k¥ Btk BEFOA ¥+ » YI0CREFED
RGBS T L EL DR ARIINFEL, TOMMITEHAB
M BT OBRERCE A FA{EI T35, Btk BET
DEEENE T T RTCHE B ImARA T4, Btk ORR
PR b BB R BRBRERKC S TH Z OFRRD
DNA 13 2 #{b ¥ T h BilfaR7I ORI 2K Btk HH

E5/E3

P5/P3
MN 1 2

ettt 1 320 bp

A5/ A3
MN 1 2

B5/B3

B

SRS < 15 bp
] - |

Cs5/7C3

LA LIc BT BAR L TWA 2 LAMAbR S .

4 virevI0ORSEEYE I A KRT. ZOFEERIZ
kE2, uE5, AP-2 £DOHM= 1 2 v } D, 4 L v —REAE
HEELWARMFIR, BED L ZALTDERIZP LN - T
WL 16E A O DR LESIBNEEL TS, ¥ oHlREER
Hap I FHIENELET AL, ZOBERIZDNA O 2 F1{kD
BEyY ST, BAIBAFALLIR T WBEITTIN 52
ENRTEDN, AFNMEERTWABATITIMT5 Z &R T
i, FITCEREMR IO XLA BERBM L BT LE
EBV WEZHEMAEK X h i L7z DNA % Hap I THI{LL
7ot%, Hap I SRS A ic L 5B ELIPCR 754 =
24y b H5/H3, 15/13 (&1, M9 A) CTHEIhZNHES
Db st L7z, DNA 23 2 #a{b &R Cxhif Hap 1 CHILR
Ao\ iod PCR CTHIBIh B2, A F LI hTWiidh
¥ Hapll TH{k¥hbi-d PCR THEINRLILS.

STz A B DNA % ¥ THIBESE Pst [ (L) 5 Bfr
/ug DNA C37°C, SEERAE(LE Y =/ —AHH 1 E, 7 = =k
AnHH 2 ERfTV= 2 7 —ARBIC TEIR. B L7z DNA
% Hap 1 (FiBEfE) 5BAr/ug DNA €37C, 120eHEIHEIL LBV
=& 7 — LI CEINE | X TE SEC A L PCR DR
L L7z, 7o% Hap I {{EOBER 0IM AL 3 v (FIYEMBE
T#) * G 1 /1058 . TOX5RTHIETASF
eSS, Hap [ AZECHEEERB K5I LT,

PCR 1K 9. A iR L2754 < — H5/H3, I5/13 8L
DNA OBFEEYTTavie—A L LTRT A RT G5/G3
TR & R3S 1 2 A fToTc. ToRiotiiat kD DNA
TR—FOXPEERREELICEC A F LSRR T EDT
COEBOBAF MDY - AMRRREHRATERW. £Z
B TIITEERERR EBV MEL Rk 2 BE GIES
CWHERT D) A FALD IV bR =B

D5/D3

N 1 2 N I 2 N 1 2
el e et 183 bPp '380 bp '412 bp

B5/ A3

Fig. 4. PCR and RT-PCR amplification of the Btk gene of a normal female (N), patient 1 of XLA family 1 (1) and patient 2 of
family 2 (2). About 50 bp insertion of mRNA were detected in patients 2 of family 2 (arrows) in B5/B3 and B5/A3 primer

pairs. M denotes molecular weight markers.
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4 #

1. PCR/RT-PCR
ZHR10BEL (R, Family 1 I-N) FR20EE 2 (K
1, Family 2 II-6) 38 X O'IE® etk sk EBV WEEBRMER XL b
1B7 cDNA &, MEEBICEFRLERMAmER X HHH L
rgutath DNA %88 - LC, Btk BEFOBMRES, 5 FH
RER (—HO T e 2 — & —FEO 2 EL), 3 FFREROL
Trbich PCR R TR e R 4w t. £%1 TR
LTEENBLEA LR ESOHEBEYIBOA. —HER2T
R B5/B3 I8\ CER X b # 50bp B\ IEIEESHE S
h, THEEIGBS/A3 IR\ THIEHR X b 50bp £\ HEIEE
mhBLhl., T34~ —DE X hFR 2 T Btk mRNA
@ src ¥ (src-homology, SH) VA4 v 1 DOREE, =27 v v
IMPEIZHEAERR DD LRI R

2. BAVI Y Y—P VR

PCR B F4 Vs bv— 2 =2 LEERIIYTRE L.
F% 1 CIRBRER, 50, 3 WOKEEHRERK, 11210
ORHEFERC B CLTUBERIIZEE TH » /. Btk BETF
ZIX63L D v A F A v DB TGT/TGC DEHATD SR
5. FR1IDOEE2EBIVE REE) OXMHAMIKE &
RNA #5BLCIOEfid v —r = v A LEREY R 5 R
T. A RTHEIBE 2 ATIRTTA Y, BETRCT
BHote. RFRHEMRIIERAEVC-OTRBILZ ORI LT
C/T D~FrnEAETHDLEEZLNDY, EHMITT T
12 COREEZETF (ER Btk #ETF) © mRNA R&h 7ot
BIZ, TOIS BRI DEELBN B, XLA £#H
HERBSTIIREMBMARERCSWTHES v & o XBBEER
BHEARIT 5. ZhilalfRAo 2@OXfEE0 5
LELOL—FRIRETCS v F AT EEEEN S
(Lyon 0EHE) 5%, XLA FREZC 1T % KA M BHATERM
Wi, E®T: Btk BETOR - X HEEIES TREEE
FOF - - XPBERRERIEENICHBOSN LR L)
BETHD. D LIZRE Btk HEFOE - X REBHEMNE
KL I h- IR A B T TER W EEZNITH
BTHD. Ll XLA FRJEW BT, THIM, BhE,
BRTRXPBEORERILIZS v £ 4 Thh EERNIEET
PAREE(EIh i s, RERE TATEEL S hiciil
FENBEELTVWS., Licdi- TRE BV TRMA MK
MEHH LA RNA &S L2 by =22y AR TLWCON
VREFETAFE TRz &, —RARBHTHS. Ll
DZERLUTO 2 o0EAIC L WHBETETHS. Tibb 1
2R, XPEAORERELIIERIC & > TERRDFH D 24k
Ls0T, ZoBHe, THRPENRCS VTS EHTE
BF (C) MBS D LA FE I NELTHBT
BHASB. £LTh 5 1 DKL, kD CRT-PCR DfEEMNR
TISREE Btk BEF (TORIDEETF) NSk
Btk ZEHEE AL, BRE LTHRMMAPIZILC O IEET
(E# Btk) ® mRNA 2% < feofc b WHRIRTH 5.
FR2TR=2V V16 L 17O 60bp DIFARIINZ S
h, TRhIZA v b e VIEDEFIED DO TH 7z (K6 A). =
PV VIBDASFA AV F— T EERNRD D ZOPMLTOAT
AV IRTFhbhisdth, b hHic 80bp £DA v RV
BADELEF % A T 54 A FF -, LEeRERATIA VY

IRELTCWBHDLELLNL (K6.B,C). ¥ SER
DIeDBUIDT NF = /3w ) y~DT7 3/ BEBEBRIGET b5
BEBIRBaTVERZ D, BE - BFRAThbhTb
F—€ FAL Vv (SHI FaAA V) ORBPTEIREE LIRE R
Btk 2 vz iMfEbhAZ L LieD.

RR2EBTHZORAERIIHEEESR Pvu 1 M Fior
U2 (@7 A). - TZOERPALIZEL L 5 PCR 7
SA<—%FEL, PCREHZ Pl THILTAZEIZX
TZOBERPFE-TBMES5HH DNA © PCR CHEKE
WiT&s, T2 CTRT.ARRT LSS S 4 < G5 G3 &
ELER2RE L DB RKHERERER DNA 288 L LK
ExfTot. BEYRT. BIzrt. G5/G3 iz k5 PCR KIGE
M2 252bp TH D, BEFRBEERCT L ->TELS P
1 #Hfrr &t BREADDESIT Pvu l THLZh 124bp &
128bp DWTHICEIMIEND . ER2OBHBEF WL DOWT
Pvul #{bai#k® PCR Bk 3% 7 H v — A LVCBKIKE
LzFvvare~vs VRAKTHE L., FRANOEER
CHRAEAZFIRA—OERYFE O LAREN, ¥1B% 1 oo

631 632 633 634 635

Tyr Ser Cys Trp His

TAC AGT TGT TGG CAT
T6C

\ /

TAOAGTTGETGGCAT
1 1

Carrier mother

( II-5)
TACAGTTG?TGGCAT
180 180
Patient 1
(III-7)
TACAGTTG?TGGCAT
200,
Patient 2
(ITI-8)

Fig.5. PCR direct sequence of the Cys 633 polymorphic
locus in XL A family 1. Carrier mother represents C at the
polymorphic base, but both patients represent T (stars).
Tyr, tyrosine ; Ser, serine; Cys, cysteine ; Trp, tryptophan;
His, histidine.
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—A (K1 Family 2, I-2) BMERETH D LHAEML L L
i

3. CRT-PCR

CRT-PCR ¥z X % Btk mRNA OB EO BN 8 iR
3. IMS & Moit-4 TIIHBI{EDENRTD bhiz. T ORI
BEOFFRTFIL BT PCR EYDO=F Y LT mvf FH
BOMWEY I#E Lz Smith 5P DRE L ZIF-HK L. HHT
IREA—Fy bV v EHROMIEH BL-2 © Btk ZREIT
Molt-4 03207, A U< THRZOMEKTHS Jurkat D160
EFEThot.

A 543 544 545 546 547

Ser Arg Tyr Val Leu
TCC AG|G TAT GTC CTG

Exon 16 | Exon 17

Y

TCCAGIGTATGTCCTG
260 0

Normal

control T j

IE% AmEko EBV BWEEBMARO Btk FHRET

#

H

IMODABD L THot. T, EHAHR EBV HEALHAY
fRwz i U Btk REER, ER 1L TX8HD LI, BR2 Tk
RHDIEFEA L TWBZEBRRIN., =zvie—nELT
BWicB7 77 VvOERBEIZIEZTOMBETELRD LR T,
Btk ORBEEDEH RNA M= cDNA 4B OO ME T
WX ERRERNT.

4. 4 v e VI0REMEEO 2 F 1L

PCR ORR%#K 9. BitiR$. E¥BEM ¥k EBV BELH
Ml 2 F & b H5/H3, 15/13 BRI v ey
0FEERII A FA{EERTWBEDEEL DRI, ZOK

\ 60 bp insertion l

TCCAGCTGAGTGTGGCTTTTTCATCT TTCCCTCCAGAAGTAAAAATAGCACAGTATGAAACATGGGTATGTCCTG
200 270 280 200 300 310 320 30

Patient 2
(1I1-6)

B Exon 16

542 543 544
Leu Ser Arg

CTG TCC AG

Intron 16

Splice
donor site

gtgagt gtggettttt

Y

cT GTCCAG[GTG AGTGTGGCTTTTT
100 110

Normal
control

Patient 2
(III-6)

Fig.6. The Btk gene mutation of XLA family 2. (A) 60bp
insertion between exon 16 and 17 of the Btk mRNA in
patient 2 of XLA family 2. (B) G to C single base
substitution of the first base of the intron 16 splice donor
site (star) in the same patient. Genomic DNA from the
patient’s peripheral blood cells were amplified by G5/G3
PCR primers and direct sequenced. (C) Schematic
representation of the splicing mutation. The mutation
causes abnormal splicing and 60bp insertion of mRNA, and
also causes frameshift after the exon 16 and resulted in an
immediate termination signal following codon 544. Ser,
serine; Arg, arginine; Tyr, tyrosine; Val, valine; Leu,
leucine.

oty
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XLA2 ZRD Btk #E T8 129
c . .
544 Normal splicing
Arg
Exon 16 Exon 17
543 545
Ser Intron 16 Tyr
TCC AG |G TGAGT.....ooooo, G TAT
AGC TGA. ... TGG_GTAGGT
544 545
Ser Stop
< L
60 bp Abnormal
insertion of splicing due to
mRNA the mutation
Fig. 6.
GTTCCCTGGCTTCATTCTACTGGTCAGCAGAAGCTTTGTGCCTTTAACCTCTGTGCTGGE
Primer G5
Intron 15
GACGGAGTCTCACTGGTCTCTGTTTGCACTACAG IGCAGCTCGAAAGTGTTTGGTAAACGA
Exon 16 Normal splice donor
| |
TCAAGGAGTTGTTAAAGTATCTGATTTCGGCCTGTCCAGI ETGAGTGTGGCTTTTTCATCT
Y
ca6 C1e
_ )
Pvullsite Fig.7. Detection of the mutant allele in members of XLA

Intron 16

TTCCCTCCAGAAGTAAAAATAGCACAGTATGAAACATGG JGTAGGT] GTTATAGTTTTAATC

Cryptic splice donor

CTCTCCTTTTCTTTTTTTTCTCATTCTAGCGTTTTCTGCCGATCTTTCTATTCTTTTTCT
D

Primer G3

family 2. (A) Exon 16 and Intron 16 sequences around the
mutation site of XLA family 2. G to C change make a
Pvul site on the mutant allele. (B) G5/G3 PCR products
from each member of family 2 were digested (+) or
undigested (—) by Pvul and electrophoresed in 3%
agarose gel. M denotes molecular size markers.

Normal

I 1§ Ll
K% | (=} R IL

L X X & N N A N

L

¥ bt ) (=) (e

| |

11 1
M (=1 ) (= () (=) (4 M (=1 ) =) 40

[ B! Lpvutl
digestion

i 124 bp
L+ 128 bp
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130 H o F H
7
” /
< :
=
-
v‘
v E !
-
T T LTTETETTTLRLELT T TR e % :5 &£
BT e T I o B T ] B T e - - i
XN W X X W oW X X ox X WX XX A K A X A EEE !
= & = = = oM N = X R 8 P I B - !
B O N e M AL e & e I~ M e PSR S S - S v B
. > s ?
MY .IBBR® DO - v |
h A y
b - . e :
Molti GGeee-- «838
| 4 ]
Normal EB F % A Al ‘
4 ‘ |
XLA-1 W T
4
XLA-2 DB - -

Btk B-Actin

Fig.8. Quantitation of Btk and B-Actin mRNA by CRT-PCR. Amount of Btk and B-Actin mRNA was quantitated by the
amount of competitive template at the most nearly equal amplification to the target (arrows). Normal EB, XLA-1 and XLA-2
denote EBV-transformed cell lines derived from normal female, XLA family 1 and family 2 respectively. T denotes target cDNA
products and C denotes competitor products.

AGGCTGGAGTGCAGTGGCGTGATCTGGGCTCACTGCAACCTCCGCCTTCTGGATTCAAGT

Primer HS.

16 bp repeat
ATTCTCCTACCTGAGCCTCCCAAGTAGCTGGGATTACAGGCACATGCCACCACGCCCGAG
— e

AP-2
TAATTTTTGTATTTTTAGCAGAGACGGGGTTTCACCATGTTGGCCAGGCTGGTCTCGAAC

AP-2 16 bp repeat
TCCTBACCTGAGGTGATCCGCCCACCTCGGCCTCCCAAAATGCTGGEATTACAGGCATGA
Primer I 5 '
Hpall Silencer cAMP
GCCACCATGCCCGG[CCTGCACCTTTTAATATTAAAAGCAATGAGGCTGTAGCTCAAGCG T
TTTTAATATTAAAA JBCTCAACCET
Primer H3 ’
Bz 271 bp
BGAACTTGGCAGTAAAATCAGGEGTTGTTCTATTTTCTCTCTCAAGTTTGGGCAGRTGGE
nES Splice acceptor
ATGCAGETGTGAGCACCACTTCCTCCTACAGACAGCTTCTTTTTCETTGTTTCAG |GGGAA
Exon 11 - ,‘
AGAAGGAGGTTTCATTGTCAGAGACTCCAGCAAAGCTGGCARATATACAGTGTCTGTGTT G5/G3 252 bp
e ———————

Primer 13

Fig.9. Methylation study of intron 10 regulatory sequences of the Btk. (A) The sequence of the 3’ end of Btk intron 10.
Regulatory elements and a 16 bp repeat of unknown significance are underlined and labeled. Hpa 1 site and Exon 11
sequences are boxed. PCR primers H5, H3, 15 and 13 are indicated by arrows. Silencer denotes a putative silencer binding site
and cAMP denotes a cyclic AMP response element. (B) Hpa I digested genomic DNA were amplified with H5/H3, 15/13 and
G5/G3 PCR primer pairs. Control 1 and 2 are EBV-transformed cell lines derived from normal males. XLA-1 and 2 are
EBV-transformed cell lines derived from each XLA family. )
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XLA2 Z#AD Btk &R FHHT 131

BE28{E DNA DBRE, BEOETIRES DO TLWZ L
G5/G3 RBHFICHEBEBIATWAZ LI VEAbhs. hick
LAEZHR EBV HEZBMBRTIRRL, 2 & b H5/H3,
15/13 DRIFISHIBNEDONTED, 1 v+ e V]10BHTHHER
BAFMMEIRT B EEZLRS.

% =

BFEGFRFEOEFIC L b2+ MEBRCBWCRET L
~ATORELY, RAZZHILRIPHELIDL-TE
Twb. 1993F1 Btk EETFHEB IR TLUER, XLA B3
i+ 5 Btk BEFERIIHE T CCEI00EEL L H@ex
NTWw5A, Sideras LY X INIEFORFIZL 73 BEBER
(40%), ¥ih = ¥ v (18%), K& (18%), #A (10%), K&+
BA(LY), BAB=2FYORE (3%), A754 AR
(11%) &4 THHH, SEDFER 1D IO CERNFEETE
T HBELBEORE CHHAZTI TV LELLRD D
DOHFELHE I 5 Btk 1223 ABET Srk IWHELI L1
WiErE L e 2 —Hyrvvsrr—¥ThHbh, SH?
SH3 B LU+ — FA 4 v (SHD) %80, i, BAOEY
ELTRKERNKHEEZHLZI ORI VA2 1) v
[/ (pleckstrin homology, PH) Fx £ v23EEET 5 (] 2). 4%
FIDBERIINBLETD N A VEE-THEDOATEY, =
DEVARIPEETHET A LD EDOLTDO T AL v
BEThHHZLMAPbIS. ¥k, BEF THEIN-EERE
BlELTRRTECRI - TED, BOMREREDOKy A
Ry b EFERBEAITED SR T L.

b b Btk BIEF2 XLA OFEEEFTHSHZ &0V KIBB L
ZEWREXD, Rk XLA DEFALINTE X BEYPEERE
(X-linked immunodeficiency, xid) = ¥ A1 BT R X
N, TOABk DBMDTAF= VR RAFO VT I BE
BT A EERPERINLO, xid =% &A% XLA K HNTHE
RABEL, BMMELOBERIRE (EHED30~50%) THH,
RESRT Y v IgM, [gG3 HEDHMET, KV o h 54
FOFFWCH L CTERIEER D, & v 7R LTZES
CIHETS, 8O TN F= VOERIZPH FALVHDL 7
I/BMBETHD Btk DD N A A ViIciz & By Ex F
Fr—EERLEBCREASL. o TZIOFE RO E 12
Btk # Vo2 N PH FaAA v ALTHFIMDE v 82 & D
A HEShAHEH5 LMIATV5. xid RBETH
BORZ SV BEFEROEBRICI D LD E BT
B, TOHe MRV TLBM T AEF = Vo AT vD A%
Be o XLA EEFARREIAY, ThIRBERABEST
Bole, LictisTxid = v ARNBHETH 2 DI Btk BEFE
ROFA FTCHEFELTWBOTIHALL, b EvvrDBEET
thbBRIkSLie 81T % Btk BEFOBRBEROE KB
LTwabntEL LN,

BOE Btk @ PH FAA viZ3BEGH v A2RCFF —&
EEBTHEDORM™ R Btk » SH2, SH3 F A4 v kadd
D 5 v o2 7 DEFAENREICH HMITTE D DD B B H,
TOMBAEREEEROLRIIRETHTHS. L L,
Btk REETH S XLA ABRAOCSLREDL R XL (=
My ERFOYEBRBRERCEET D), foMBRTIC
RESLESTRVEBEYBYELRWCERRED L, 0k
FABMMD B 5 AR ERNCLERF r v Vs — &

ThHoHZER @RS,

4B XLA2 ZRIZOWT Btk HEFEEXEFTL, %1
TREEFERLZOLDDORBILTE L) -7 n mRNA O
B TolEENR CRT-PCR 8L U63BML Y271 iz kit
5 DNA SEMAOMT & WiREIh, FR2TiX=2s v V186
DATFA4AFF NI L BRBERYRECE R, %1, “h
L OER2 TRAEDMO— ABFLICERETHD = & A4
B Lz, XLA ZiRREOBHII—BITIZBE L <, BE
BRI TR IR (RSB, RwEre 7Y viEn &
WERDBEHETHS). #RIZDNA B ~— 5 —wFIF LicE
SIEITIC X B3, RMMBRMIC BT 5365 v & & X Huts
BREMLR BT B0 X o T a9 MR 12 5
TAHAT— - MAAR L > TREBERTEREST, ¥4
W= AL o THERXFEENERTER DL DB, %
COBEFERDOEH~ -~ T ZORELRR LT\ 5
BT BRIERSPERTH D, L FCHBENLBCHLL D &
RBECE T b, ¥, BRI AES v A
XYEBRNEEL2EA L XLA BREOBEENEER I
TWBA, KM ORIk, BE, THERES VL.
XBBEERERILAZ - v Ebn\Ww (ThbbF v F Al R
EML g —v& L) 0T, ¥TBHESEY BT HNE
BbbH. BEFHEL LTI DNA S8 E 2 F b E AR
THF V7 my ¥ PCRO CHHIT 5 HER, ~ARAR—
MMM L OB AR IES FEY IS0 B B8, 2T h
ERRBHTHD I L, 2< OBRIC LD XPEETERLD
FEIVVEOVBAZLELCHBENES. RREREZMICEL
TIREDRRNTO Btk BEEFERZFAEL, DNA v~
TREMIBEGE T H > TV AR ES v RETIORBE T
HHERLhDY, SEFER2 CHELHFEREZM A TL2
EREBBETH-7. Ik, BR2OBEFERR Jin 590
BELICEBECLEA—DERTH -1, ZOBEDOAER
ST 2R FMITHETH DM, AFER2 EF—D
HEE L OWEEN, AV OBEFERNLENE Lo
WhDTHH & AJBICERIE Ui nEL bR S,

A bR VIOD A F A2 T Parolini 57 4 4 H D
XLA B# Bk EBV WEE#ME [1. = K 360 (SH2 ¥ 4
AVDL T3 /BB, 2. =7V V1T, BOBRICEL,AD
AN VDO IEEBRICLIAATIA v v r7ORIN, 3. a v
T6-TT (PH YA A V) DAEERELT V-7 VLD R
HABIFRMAE, 4. 3 NV 520(SHI F a4 v) o | g &
BREE2 N V] TLLRTED, 5B 26 (1., 2. ) ZHH
BAERA & — v DB A F{bx B, o261 (3., 4.) T
A FAALR S, BRRIERE LT 1. 3. 4. iLHEm
BEFTHY, 2. RBAHFTH -7, ¥, 2. 3. 4. T
12 Btk mRNA QEEHED Shich -7z, Parolini Hiz#EE &
LTA v rrv10D2F0{ke XLA OEERIER & 124 e
{, 2AFVERRBRA 3D IBE L TIE XLA BE R 5
(R hTNCFETS) BHBEADE L RERNSRT
&, ThbbREs e 7Y VEETFOBERATREEAT T
ETTWeh, HREE< -5 -5 0 $E B0 Bk D
BHARL TN T 90 LERFI T WS, 4F
PCR X HVTA v+ v V10D A FA{EDIREER B LA,
2FEFRE W BERMMER EBV BEL LML 2 F 1y
FF Tz, Parolini 5DEMHED T Btk BEFORT 1
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BRTTOHED 2 FAMLBHEELTRDLN B DL, ERY
o TR BRI~ O S LR b, ERERL
TuB EEXB LD HRT . —FF CRT-PCR DRERTIIRE
%1, 2& b Bk BREFOREBERETLTRIA VIR
100 A F AL L OBEENEEE LS. L LA v rVINK
2 FAEDRLRD, BB, ENER, BIRMEROMETD
J —Fvr.y MEFIT Btk mRNA ORBEARADLATL
BTN, & Uy DUAT S BRTRA RSB ERRMER
CHLREATDHLRB LM R EL DL, P L LERNTS

Btk BETFREICIE Z OO 2 F ALKV O TR

MEBbRD. —IC DNA D2 FA{Liz % DFEDEETH
BERAMICE rhb->TE D, BERCE . TIRBEEDD
BRI A FALIRZ 0, Thictt -7 Btk RETFO—B
HOBRGREESABLh A THERELYTRERL TS, ERILTE
TR Btk EEMFEIEh TV L5k biE, BtkiER
Tt v b R vI0OMIE b ASEESED L I REFER &L
LCWaiiEMAEL SRS, FR2EBCTRERLLDE
51z mRNA VRABEBTVBH, ZhREBEFERAED LT
WBEWS XD H AT ARER XS Ll mRNA 23FEE
CHEENRT VI ERBERLTWALDEBTHNETHS
5.

® ]
XLA2 FRicx L Btk BETFRBEOBTLTVUTORKR

8.

1. % 1R WTIE Btk BEFORMRER, —Ho e
2 X —ERE S 5 FPRES, SFEPHREK, 1 eV
HORSEFEEOVThIL b ERIBD bhih 7. L
L, CRT-PCR D# % Btk EEFORRERERD 1/8TE
FLTED Btk HEFOBFLEESD LD LELLNL
= DRERIL Btk BETFORAORBEROE RO TTHER LR
5. ‘

2. BR2WERLTL=Z Y VIBDAT S A V-1
EEBEHRABD, ZDkd mRNA DATFFA AREEELL
60bp DIEAML LT\ o, ERZOERDID =2V V16L
Bic7 L—av7 b RET Btk & vty 0 RIIBRK S E
L#-. CRT-PCR DO#tH® Btk BEFORRBRXEFED 1/32K
ETFLT W, ZHRAT T ARELR & Lo mRNA 2
ALEETH LD EBRINL.

3. BR2CEWTERMEETHEIBEEE Pvu 1 TH
(kxhaz L RFIFL, Hitckk PCR 754~ —%RELER
HOBRREBW LB Zicot. ThIC X WS ESTICEE DM
D—AMERBTH B Z LVHE LT,

4. BR1, FHR2BERMMER EBY BEERMERIC
T, Btk BEFA v e VIVERO A FA{LEREDI. TDT
EIRBET B ORI O BAEET 5 BRIROYEE LR
THhoLEIhi.

# 3

Wi piciES, FROMEN L BT BL D ¥ LceRAEE
SR NRBERESD ARRCRELLBMOBLRLET. ¥,

AEFMMER EBV WELRMMLFRIES £ L, REILEREH

K RBEREERAREE, SRAPEERNEAEHBESAIR
FRmCER S LET. T, FFRORTCR LRERMDE LS
Hb ¥ LkRAPESRA=ARE Bk, BERERLECRS

fAlELEFET. Sk, AXBEHBNERE ¥ LSRAFEY
RO R L2 DRV LT

ik, APRO—BEEEERTEBRBY RETSERFRERR
WL OPREFTO R ERARL, #BERLET.
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Abstract

X-linked agammaglobulinemia (XLA) is a heritable immunodeficiency syndrome characterized by a
B-lymphocyte-lineage specific differentiation defect resulting in severely decreased levels of mature B-cells and serum
immunoglobulins. Affected males suffer from recurrent bacterial infections, starting typically in early childhood, and require
immunoglobulin replacement therapy. Recently, the gene mutated in XLA was identified as a cytoplasmic protein-tyrosine
kinase and designated Bruton's tyrosine kinase (Btk). After cloning of the Btk gene, more than a hundred Btk mutations in
XLA patients were described. In this report, two families with XL A were systematically analyzed for the Btk gene
mutations; including reverse transcribed-PCR (RT-PCR), PCR indirect sequencing, competetive RT-PCR (CRT-PCR) and
Intron 10 methylation analysis by PCR. In family 1, no mutation of the Btk gene was detected in the coding region,
5'-untranslated region (UTR) including partial promoter sequence, 3'-UTR and regulattory sequence of Intron 10. But
CRT-PCR showed reduced levels of Btk gene transcription in the Epstein-Barr virus (EBV)-transformed cell line derived
from the patient of family 1. In family 2, a point mutation of G to C substitution in the intron 16 splicing donor site
sequences was detected. This mutation resulted in aberrant slicing and 60 bp insertion between exon 16 and 17 of Btk
mRNA. This mutation also caused a frame shift after exon 16 and premature termination of Btk protein. CRT-PCR showed
low levels of Btk mRNA and it seems that the mutated aberrant spliced mRNA is unstable and rapidly degraded in cells.
Carrier detection of family 2 was performed by PCR and mutant allele specific Pvull site, and one sister of the patient was
identified as a carrier. Intron 10 regulatory sequence of EBV-transformed cell lines were methylated in both families. It
indicates that transformed cells were immature-B cells in both families.



