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EFR20FEXREFIEL /- KBHBEES
70J 5 A

[(51HB 9A2H8 (k)]
14:00~15:40 BEGERBROEE -PCREZDICH
LR (B - DFEYE DFREEEILLSE)

15:50~17:30 =RLBOFMAE
MRS - FARE - ZRWF - MLBEF
(REBEREXEEV5—)

[52BB 9A3H (k)]
14:00~15:40 HEHVMOIIKRFRE (YIVEE)
BEE= - tEEH - MRIAIIX EYESREEHRAREE S —)

15:50~17:30 BHEEREZ-FHRMANE
MNEBAN (ELZF - 9 FEYE 9 FECES)

[(63HEH 9RA4H (K]
14:00~15:40 S2FA74VE=7 (R1) RUKNRKERE =
1) RIFADSETEINAMS ! !
BAERIT US—F2INT—2v/8))
2) MEHRAIESRDERAEICDNT
EIEIEE - /MNUBEF - FEAEE (EREFXERS5-)

15:50~17:30 bEa—<vrH27IOBRYKNVHAEE
EzEH (HEEE BURREREDR)

[(84BB 9RA9H (X) ]
14:00~17:30 HBEAMEREORE —BF RE-
WA S (HEEF ZEFR)
WK - HERE (RBRREXEEL5-)

[(55HB 9A108 (k) ]
14:00~15:40 RIVFATA4T7EZ— (MMC) ;EHE* %
BERER RIVTFAT4T7EY—)

15:50~17:30 BELFEBRT—IN—RADFRE* *
BESH (RBRXEXZELVY-)

BED .+ R |IARERIE HBINEREZR
¥ kTN FAT4 T RVI—REZE
ZTOMIHEEO E—



HAGIE ®AEANT O FE/E -PCR & &= D5

bl e (RS T - oy TR )

PCR % polymerase chain reaction (AR VU AT —VHEH L) O TH D, HED DNA
. RN ATRE e B E CRIRE N THOT HIETH S, 5D DNA X AR O b D)3
HTHHND, TIZERT L OITRNA &, WERE )i (reverse transcription) 17> THE
IFIXPCR B TE D (RT-PCR &£V 9H),

PCR D FUSRIZIE, 52D DNA (B58L & LiXi D) Oz, DNA SRk DIE L 72 % 4 Fl
O ANTP (THF T IVARXT LAY K=V ) 1RO 7 Z A ~— DNA, [MifE4E D DNA 7R
VAT =B ENGENTEHY, REIREZ [94°C—55C—72C—] n &0 iR LZ1L
SEAHET T MR, 754 ~—DNAIZITE FN-FES T A R S5, 3HE
FiX10EOFEYIRL (n: YA 27 V) TRTRE, 20 BITRE THFICHEBINLDIET TH
BH03, 25~30 [BIFEEDY A 7 AN EETH D,

PCRIZ. (i) BETOZEH D VIFEROMYT, (i) 7ua—=2 7 EEROEA,
(iii )mRNA ZEBL B DfENT, 7 E A B E LT ThiL s,

(i) © NEETOZHE D WVITEROMNT) TR 27 —72b 0T, FHAERERK
T OEBIENT . EAGRR] B8 E LI AE) | JWEIRDFFE ., Bn A X ) D
BADHIE, 7 EICHWOND, HEIESNDNE ) THET HE L HIUE, HiE
ENTFEM A RIRBER DI — 7 v v 7 BRKEN 2 T L CHIET 2854
L5 D, FFEOBLTOWmNMLIRE THAT LW ThHIUE, v 7 PCR TET BB T
BREE L, TOEDEFHFRIC LTZPCR 2179 L TH D, 7/ ADNA LSO T
PCR I 30 & o M HEKFT < £ TR A[BEIZ/R > T 5D,

(i) @ T e—=u 7 LBROEA 1L, B HEE X cDNA (mRNA % FREO iR
BRGTDNAIWCEW L= D) v a—=7 (FFTAI KRR EDO~T Z—DNA I AN
HZE)THEXIATONDPRTH D, ARINTWAHREEIIZ S LICHEL Y B —
=TT HGEER, 7 u—db RN HENONRYT Z—IIB LTS (i REE
FOYIMECS 2 Wi EAT D), 7 a0 —IHEEBREZEAN L0 (RN A-
e IA4~—HWTedA—"—F v HEE) RETHL, WTHIZL T, BEROD
IXMNEMVEDNA R U A 5 —F L LT, 3 —5 O=F VX7 L7 —PiEMLAHx-bD%
FHTHZETHD, ZOEEZEZRNVRY A5 =P TIIFHELAL RN A->TL
FOENDHD,

(iii) @ TmRNA FEELEDMFHT) 1Z U 7L Z A L PCR TITHONLTW5, U 7 /L% A I PCR
F, 1A 7N T ECHEDOREZEHATHEL T D THY | il A 7 /LH THED
INTEIRD D E D, 2B —HBEER O A8 DNA (] 2.1 10, 100, 1,000 =2 &'—
72 E) PRI U CEEERIR A ERL L. £ E b &I mRNA (BEBRIZIXZ D cDNA) % 7E &
THLDOTHD, A DNAITHEE T a0tz W CEMREZNET 2 HIENKR
a7 —ThoHN, TOPRICEVIELWEMTEIT N TETND Z L 2RI HHEN
H5b,

PCRICIZLL ED L 9 ICkk 2 R & 5, Z OB 71k A B E L TR R % &
FTCIEX 20,
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PCR&IE

« PCRIZ. polymerase chain reactionMi&
(R AS—EEHEHRIE)
« MEDDNAZ ., BEBITARELEICIBLT AE

T IEw o A L DNAZE SRR B2 E T UL .

ERIKENTDNART & AEZETHIT.
% ADNAIZ FD KNI SR—ETAILZ—(ZBELEY,
5 ugblL bR EHRAREBEENAJIA 1A 3 FHE

—e—

M3&0.17 ml (ZHE2 13%80.33 ul (CHE24

PCR: 4./ LDNAIZ10TgEHNIE+5
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iy I Isscim=—uvy
.......... I

i o N7 |
DNAT | #5—1F seesesnan - T ——
Q?TC:DNA&E@WE

ot I

o /| ~N7 |

.......... =S Sem S oSS oS SemSRe ey

PCRMDFLWLMGEWRE

. 415 = 4 x10°
+ $EIDNA: JRENEDRA Chay it 2
ta@um7 3 B Fr b 3 X10°bp
« TIAI—: HEM - 16merILE _
ATEY
AT — 5 p— 1111 —

« PCRE&H: BE-7=—U 5 MEE
{8 =63/ - 500 bp/30s
MgiEE - 1.5 mM

— nested PCR&E}E&‘}% g ————————————————

— FailSafe™ PCR System (Epicentre) 4>PCR Optimization Kit (Roche)
TS (R 273 W 7 —RRIIEEL Td)




PCR®HHJ

- DNAZ B OEEDREHT
BEMEREDERERTF. BEERF
BAER OOLERE. BFET)
READEE. BRERE---

« JO—Z2TOEEDEA
IBEEIFSHREFLEICIO—=2T
HO0—2{EDNADFELEZ
HO0—2{tDNANDZEE A

« MRNARIEZEDEHT

PCRA]: 30ng X (300 bp /3 X 102bp) =30 X107 ng
1 2 3 4 l_’ 5 E 6
S { P i |-—{: }—-—|‘_1  W—

PCRf%: 30 X107 ng X107 =30ng

| hIPRBE R (C S B4, 3F T |

WAVE




il lREE RIS KD UM FE UM E AL -4

TCCCAA———CITIG———chGG———TACCGT
AGGGTT———GAAAC———GGACC———ATGGCA

TCCCAA——-CArGG——-CdTGG-——TACCGT
AGGGTT———6343:———GGACC———ATGGCA

|

Mval: CCWGG
GGWCC

f

SSCPIZ kA4

(single strand conformation polymorphisms)
N N IIIIIII‘IIIIII

@@E& EkE

— e

—_—




GGACGAG TACGGGCTGCAGGCAT ACAC TNAA b TGAAAACT G TGAGT GTGGN

70 80 920 100 110

=l

(2 kA EEATHI

GOGCQAG TACGG GCT GCAG GATACACIGAAT TGMAAACT GTG AG TGTGGN
70 80 90 100 110

GGCAGTACG GGCTACAG GCATAAC TAAMA b TGAMACT GTGAGTGT GG/
70 80 90 100 110

234 65678 9 101112 13

I
s
I“‘ primer F ‘l

CAHAT TACAGGGTCAACTGCTAT GATGT GT TT GGAGCCCAGT CACCCT TTGGT GGCT ACAAGATG
TCGGGGAGT GGCCGGGAGT T GGGCGAGT ACGEGCT GCAGGCAT ACACTGAAGT GAAAA GAG
rR

A
TGTGG ! ‘
prime

GaA (Glu) RBJEME!, aaa (Lys) RBFJEHEE

5 bEFTLTFE FRAEBEEEFOEE: =3V > 12 OEEED|
BFEITHV L ES, —» IPR 74— DOHGHBEETT.

I—

FLILEHEMPCRTIE
PCROAMM S/ MW THIET 5




TL I (allele, X iEEF)FEMPCR

BIEEN-DNAKT 5 E DT
(=T CDONAETEIZHWLS N TULNAIREL)

B FF EES BRYIRLDE
THO1 tyrosine hydroxylase gene AATG
vWA von Willebrand factor gene iEGIA
FGA fibrinogen o gere e
TPOX thyroid peroxidase gene AATG
CSF1PO CSF-1 receptor gene AGAT
D351358 o TCTA
D5S818 - AGAT
D7S820 - GATA
D13S317 o TATC
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a4 PCR

7/ LsDNADS . HABEFDEDE D%,
BEDPCRTENZTNIBIET HDIETKE

O PCRT—EHEEFEAZIEBELTES
T FTNEFHEYICLTPCREITHER

024 PCRTI&30 kbp3g A\ &S 7] 4k
OV PCRIZEL-EBZEMNERTIN TS

Long Range PCR Kit (QIAGEN)
Expand 20 kbPLUs PCR System (Roche) ---




O 4YPCREYMDST ILERKE
(ISR IT4—ILRER %)

M 1 2 3 4 5 6 7 M

325 -
:g.s N M: 25 kb5H —
o5 - 1: 27.601 bp
225 - 2. 26870
1235 : 3. 26,6897
15‘ i 4: 26,271
5: 26,899

125 - ©: 15694
10 - 7 26,499
kb

EcoRl BamH EcoRl

EcoRlI




BamHI D 2B

S OCCAGATAGCCCTCGAAAGGE m—
———ACGTAGCTTCGAGACCGGTCTATCGGGAGCTTTCCC———

i Ly

CECAGATAGCCCTCGARAGGG—— <G
GEGTCTATCGGGAGCTTTCCC——4C

—A$E4 1) IDNAZE AL V-
HIREE R EDIRE

S e
SCCTAGGGC
i >90%
;CCCTAGGGC
e i >90%
CCTTAAGG
Hindlll: :::: CCAAGCTTGGG 10%

SGGTTCGAACCC




BamHID 2238 EBC251:

CCCAGATAGCCCTCGARAGGG m—
——=ACGTAGCTTCGAGACCGETCTATCGGGAGCTTTCCC———

Ll

GATCCCCAGATAGCCCTCGAAAGGG——-G
GGGTCTATCGGGAGCTTTCCC———CCTAG

EBIEF (cDNA)/O—=T Mi#%E - 1
L HIREE
< /”/’

(DNAUH—t) (no




BIEF (cDNA)/O—=F DiEFE-2

[ EcoRl

EcoRl

B |

\ v v v v

| s [ s I s [ s I s—

BIEF (cDNA)O—2OPCRIZ&LAZE R

LI I I I I I |
R P W W I G G G

CONDNAWN OO

10 mM Tris-HCI (pH 8.0)
0.1 M NaCl

1 mM EDTA

5% Triton X-100

Eih1 2EPCRA /7




PCRIZ&AO0=—XH) == D

19 20 23

3 4 5 6 12 13 15 17

F—N—SvTBRREICISEENEA

! ——
T 1 DNA |, X . j
~— Bagse— A !
-
[ —
2nd PC
S L

l“
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— /—>
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[
[ Relative luciferase activity (%)
2700 200 100 c%}: +2 0 50 100 400 450 750 1400
’/ {} L 1 1 'I/ 1 1 'I‘ 1 [/ 1

-2738} r/a

a !__ v/a v/ /%
—«
; cs
- V CSACRE
' @ w/a 7/
.—g"—vl':—cmcm:

s C15

p-vq— CISACRE

JOE—F2—NDCREZR KRSl

(CRE: cyclic AMP-responsive element)
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F—N\—SvTHBREICEDFATDESH

1398 AT cDNA S INVOE B@ cDNA

7

< >

|

'a

i)

00— RN BRHOPCRTIE
IEHEGDNARY AS—EZEILENDHD

3 55 THURL 7—1‘2‘;‘-'51?&%03

5" -ACGTAAGTCCGATAGCCTGATTGAC——-
3" -TGCATTCAGGCTATCGGACTAACTG——-—

Phusion High-Fidelity DNAT!J#Z—1 (Finnzymes, 2RE*/ i17)
KOD DNAR!AZ—1 (Toyobo)

ExTag DNATRUAZS— (Takara)

Pfu DNATRAZ—1T (Promega) — — —




)7 L34 LPCR

« RNAZWEFEEBE(CLY —FEDNAE TS

« PCREYMNTETKBHRFEIVINIALTHETS

s BEOPCREEBCIIRICUIEICE(RERE. BEL
A-THEOREGE)DHEIN. U7 ILA1LPCREETIZ
ENGNWISICIRLTHS

e« UFPIRALPCREEBIZIZ. RICPICEYVEEE TBH
DAFIZ v D HMAIAATH S (FHERETRE. TAELES)

E——

AT

=4

PCREYINDE=
SYBR Green | %
: Al ’ cl
TR W= {2 (BRI TH
. [ | otermrenrrmme g
nA7)7Jo—7 &
(A 6]
L T s (B ER T

¥ .

for i E 1 | LA AR AR A AR AR AR




S+t 125 —(Roche) DEZ2—BME

2 Roche LgMOpeber Fun 23 302 - laad 10" [Unee: deeysba]

| Use Cabor Commpuimotion

Dt il
e

e w33 BYHEHKS &
. A S-S papa

h @

1121 % AR ARENSXET NN R
Tergesyin Huw - ra] 9531 T [ P Pt Grachi Highlght Sarse. 13 Ubrnoom 3 |
WO — | m—

- - " 1 {

~ Fluorescence(F1)

]
o X logN = logN +(logE)"t
454 HELDNAE (= b ax)
1 Y= ax
W 30 ng ,
o 3 \
1 ng _
o ‘ loglF]
25+ 300 pg o
o 30 pg N 7
o 3 pg /7 EE—=
10 104 logEN'—)
5 AL ECATHAF
1 204 . #5|E ol
Vi tERDHD
-5 3.0

N=Ng* Et (t:9A2L#0
557

1 1
oSG eI ool lizsll Mool ias iliiac 7O /' 20 40
Guele Number ;s




Fluorescence (F1)

Cycle Number
Sa3 88

10 3

-

T T T T T T T T T L
10 15 20 25 30 35 40 @
Cycle Number
Copy Cross
Sample Number Conc. Point
E — Standard10’ 10,000,000 10,990,000 12.00
Standard10*  10,000,00 891,500 15.87
— Standard10° 10,0000 104,700 19.17
— Standard10* 10,000 9,261 22.91
—— Standard10’ 10,00 1,003 26.33
T x T X T T X T 7T —Standard10® 10,0 104.9 29.81
2 3 4 5 6 7 ... sample 6,965 23.35
Log Concentration(copies) - -~ Sample2 740.3 26.80

FEDH

PCRICL>TT /L DEDHEIGE T SICBRITT A&
WTE3

— PCREFIDERITED. BRIETISNA2L—TobET

FIL TG

PERI=lao s 2l S il L i) e o
SHIC@OOZ—-DRIIV—ZVITDHESICTES
PCRICI-TZEE(BEE . DNADTEA-REK) DEA,
+ASOERIBEBRICTES

PCRICL->T. Bz FIE —HO K L. mMRNAD EFVE Eh%
SEREE e o

— PCRZEBR{EL CTHRIBESLWLWHFARRE LIFTTI
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UM HESE - FAAS BOF - BRI A /il BT
(FEBREF B 7 —)

ORI, AR, RS X Vo BRBB T O 21T 5 EBRIZBWT, Bk
WIS ERRO IR 2y T2 S D HE T

AT, O O & S T B IR’ T 2 & RO D EESHES N L HELT
WET,

ZOEBTIE, AL HEL X —NOEOE (OB EE OGS, B RO,

-
%

EIRG A O OFHZ PEL TR, TS TW LT E2RRIT, &
D Z ZeIT . DR o> TWEELSTEODIELWIRY W 2 FEERICE LA
BEL TIRBR L T a2 E £,
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(BRI

- B [BlEREN3,000rpm 2 E
DIRIMETT,

- SRR O EEBIRI K E 7R L
T (EBERPOBEM
Y. M3KRE) OHEEICH
WET,

- AR ZSBAITEDHDD
RO

=038 ARV

R EIERENY20,000rpmZE D
EIMETY,

A—4%— (@E§) ORENZER
EDERAMTLERULABVWELSIC
BARSHEEEATVWET,
AR OERERP, (EEED
BETIIDBETE WA F DI BE
ICBWEXY,

O—4% —Z=ARAZRBE (0.55FRE
E) $2506HD%FT,
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v ZORDVEIF, BRRONZ D
BELTDLOEBEZOI =L
UIRG VIRV BEDDBEICAWE
7

-+ WEAREREIROTE S/NE
DEDHHDET,

__57__

-~ HplZEOEEIE., BOHAZENNTZEHDED
e

+~ RELDIFT2BEHD £,
EbeaEEE e e
o IR E— S = (ot T =5 =)
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-~ BEBEDRDDBEICIEIZD
= e e

~~ EXEhERICXS I DmDE D
AEVLPRERE. BRA
EEENH DD THMICIE
e
FUETT.

7J< Az

« BOEZEALRLN\TY KD
A—%—OEERE &bITEDLA
BICAA VT UKFEICRBED
G

~ N7y MFEIRELADITAIC
FAWTWSOT, BERMNENE
Mot D EERRMENLD U
BWeo, ElcBENEEIC K
LEOABEICERLE S,
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BODBEZ TR SHARIROE EFENSBRICAN
=2 B |
BOMEPO—Y —ICBABEENG DL DIc. BOE
ICHBRAGREE (ME. BRR) e FERT,

FEHRT2O0—Y—ICBEAELIEHD (1 X, MEE)
ZEBRERZEIFESIETHRL., FEHT ZBEANDMME
Y., BEOLEOEELRENSHEL, BYRED%
W3 Z ENRETT,

HIMERZEFER LTSI |

— 2
R B b
% ;.l:.l iE Fﬁ o= g Lo
5%
an=
203 i
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A
ETFRTE
204
IR
TeRBmE
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2 _EBEOH

7
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4
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>
A MEFIHP
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1 214
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267 — 201 205¢g] WEF LY
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>
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HWROE—
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I OFEDHLD e iz DT

ORI, SR 2 BE TR I, 20RO N 5E L2 VT, Rl 2 HED
ATHHET 270 0E T, MEHCEL 22T b 7-o0u—F — L ZN2FIRS &
% 7D DEREE L O 2o T E Y, 2 LT, KEMRD 7z OFRERFRISIR AT * v N —
WIZIND STV ET,

ORI R O, SEm I O, THEHEE MEERH D . m—
Y — 2y [EEM v — % — (Fixed-angle rotor) . 7K v — % — (Swinging-bucket
rotor) | RUHUE AR CRIR I TS 2 oIc v 3 — % — (Vertical tube
rotor) % EBHH ., ZNFNon —F =ik, HE, REPEEIRO SN TH»E
T, EEOHWICGEOE TR D D2 EIRT 2 0803H D £7,

eI AP e

R L

e AR £ 3,000rpmALE O = BT, B O LRI K & e b (B5Eiirh o Rs
e, M3KE) OoficHWE T, SMBZ2GHITE2300HD £7,
(H3ZCF-7D2. ~Xvw 7 <~ GPR)

vy HE B

= R 2020,000rpm AR BE D it D T3, GURE D JREE Y2251 & D BRI ELVC LA L
BROX TN RGBT ET, WHIODE RGN, R LTI o
TERVKTFOTHICHCET, v—%—ENZE (0.LXKERE) 723300 dH
DET,

(Ry 7=J2-21, J2-21/ME, HP-25., HP-26)

57 Bl FH i v L

e BB rpm D DT T g DRI/ 5 2 ENTEET, v—%—
ZIFFICEECHIE I Y 5D T — Y —BENZHEZRIIRDO L) BRI R > Tw
F9, ZoELKIE, BARLELHENEETEEI BRI 7uY =00, YRY IR
7EEDOTERICHCE T, MEREZRAEISGELTESZNMOLDLH D 7,
(Rvy 7= L7-65, TL-100, Optima TL)



°— & —OffEsH

[HEfin—%— (7v 7 ru—%—) = =
ERHOELAMIEOn—y—2HVET. 7y /rn—y— & &
2iE, e R (BB T 23R WoMEe, A
WHZDOTHMIIEL 7en — 8 —23EBR T LBRETT,

e~

KFa—%— (AL v 7u—5—)
Zou—F —3EVERFALLEAY v FH, u—% —o[HifE & It
DRI AT 4 7 L, KECHRE25DTY, N7y FEEIC
BOLHDTFANTHNGT 2 DT, EDEE G Bddo 7 ) A RS
Bz Lz v/, FICEEAREIC X 2500 AL £7,

HOVEIZOWT

w2 T ) RHIE D EWHEN AR ICANE T, EEPr -8 —icfak
RN D 5 & )12, BOLVEIC O AR (ME, IBIK) 2360 £9, 20—
F—ITHGL7-bD (VA X MifHE) 2ESIEIEFE) ETO AR, EHT 5E5

NOIER, JREDOLEDF I £ SHWTL ., @Y 2 b D22 2 EBRETT,
DAz LT ZSw !
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1
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i

L EDEEICES L me— Y — 2T A L,
2. B—=Y—ITHALELMEZHHT A L,
3. BALIOY, HDH 2B X L Tidwidiwn,
4,
5
6
7

ABHE, BTNT U AEZRD, =% —NIENFROLEICE Y BT 5,

. =% —DiREA AN Z BT 5,
. O— % —EREREEICET 5 £ T, mOED Z 122N,
. O TCEROERZ T 28568, WO FWICAHZ SO H 285610%, Bl > TX

e vy —arcdsg L, (G, EEEHSOHM 22T 5 2 &,

L BTFRIRICTRILTHEML, oMAEOERIC RS R VEIICTEI L, F

EDNLEHEIC o7 & EIFHPPITTFREZETIET 5 2 &,

fEHIE, FIH, — MICHBERIHEZEEA TS &,

T TiRIE, = —F, u—F— ERED Lz IR 5 2 &,
FITNFELIE S, EARICEMAZETHL I Ry —ICHIGE S Z
&

$UE e IbE AN A R SADRa S e

AN D RS 5 & F IS, RICBIPORUICOWTHHERT 5 2 &,
1.

EMEIEAS L -n—Y — 2T 3,
Beckman® i 12 1. Beckmanhua — % —,

. B—F—ZzEEIcEL <k y M5,

O—4%—DE v ZEEHD 7 57 L 12iddiA X HIicT B,
0 — % — A N—Oho) 22 CEEHICEE T 5,
INoxR5 L, b u—y—28@E» 5 1 TN THROEEZEBEL 7,

L FHERTRIZ, n—F—%F, n—¥%—_ FHREED EZ ENVIZRERT 5,

HHEEFHL 2583 AD IS T 2, £, HBEISC TEHELfTRI 2k,
(RN Z B LE Zid, 09— =7 Thia—Y—SL 0T Ts2 L, )



57 Bl FH v D GO FH By D 1 T 2 TH

Oy DR D A IR T 5 & ZI2iE, FRCUU T OMIC W THiEET 22 L,
1. KPar—%— @mﬁi\?AT@A#VF%%VFLT@%?%:&O
NrybrZzu—%—I1Zky b T5BEIA N7y boFFLta—4—
AN T2 HFZTZ2ADLETHD LI ITIE LI k/btfrf A
CEEw, GO B0 L EE RO IR AN @A&/-v\ﬁ

V

FELy PLTLCES G, ) D
2. HEMAO—F =k, B—F = N—D = )VZHERIZT S i~ —
Zt, T
YN Fa—T MG EERBT AR F vy TRM S |
HLTLEZw, (AR=ZAF ¥ v 72805 LELED &g
I ,:"‘/,_—\:,-—_-\_
WHLET, ) ™ JA)-J,;

3. B— ¥ —ORETARNERE T, v—y—lcid 7 .
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From LANGMAN’S MEDICAL EMBRIOLOGY
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Isi1
Pdx1 (R—B4)L1) )
BE PRI%3 3k AR
B4R HIEE4ERE B
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IEC-6 |IEC-6/Pdx1 IEC-6/Pdx1/Isl1
STZ MR

otes g

JERERIRS Vb STZ-#ERHEZVH MR ERE

A2 VEEHRBEICKSERES v b
D MmEEEDZEL

Fasting serum glucose —@— [EC6-Pdx-I-ISLI (n=5)

(mg/dl) IEC6-empty (n=10)

Fasting serum IRI
(uU/ml)

P

2 3 4 6 7

p<0.05 vs IEC6-empty (day)
From Diabetes, Kojima et al 2002

*
# p<0.01 vs IEC6-empty (days)
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B ENERTHIFRICHLT
BN LBREZEIFD (Molecular ZIP)
BEFRIAEZFD (FOE—FD=ER)
B HERLBEGTFRRA
T/ ARNDIEIAH DEE
EBEREFRINYE (9FRAYF)
B RSO EE
BABGFOHE
RNy F—DHR

From Diabetes Frontier, Kojima et al 2006

In vivo BIEFBEDHI. Pdx1(1)
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Helper Virus 293Cre Vector
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In vivo B FAEOHI, Pdx1(2)

STZ HDAdJd-BOS-Pdx1
l l @
L D
O
Nondiabetic mouse STZ-diabetic mouse Pdx1-gene

therapy




STZ + Pdx-1

In vivo BIEFREDHI. Pdx1(4)

Kojima H. et. al. Nat Med 9, 596, 2003

In vivo B FREDHI. Pdx1(5)

a : STZ-diabetic mouse without Pdx-1

b : STZ-diabetic mouse with Pdx-1

b’: STZ-diabetic mouse with Pdx-1
(high magnification view of b)

Kojima H. et. al. Nat Med 9, 596, 2003




In vivo EIZFBEDH. NeuroD+BTC(1)
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In vivo Bz FABDH. NeuroD+BTC(2)

HDAd-NeuroD and/or

STZ HDAd-betacellulin
EOo—— O
Nondiabetic rat STZ-diabetic rat Gene therapy

In vivo Bz FABDH. NeuroD+BTC(3)

—o— RiGEMERR

—A— RXN=FEJY RN —EBH
—m— NeuroDR & 4 — ik
—o—

ST*Z Ny —%E Neufaiaayt_;w SRYH—

5 500

m -

£ 400

i

#2 300(

=]

EE‘? 200[

e \./.“.—.\0———.—.—.

B 100 i EE(E

%2010 0 10 20 30 40 50 60 70 80 90 100110120130
Ny —ix5ROBY

Kojima H. et. al. Nat Med 9, 596, 2003




In vivo BnFABDMH. NeuroD+BTC(6)

1.6
—e—_STZonly
= 14 | —o0—Nondiabetic
£ ., —= ND 3x1011
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= 06
S o04f
2 o2t
oL —a—a_.2a 1 A 1 A L ]
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M | n utes Kojima H. et. al. Nat Med 9, 596, 2003

In vivo Bz FABDH. NeuroD+BTC(7)

Kojima H. et. al. Nat Med 9, 596, 2003




In vivo Bz FABDMH. NeuroD+BTC(8)

Kojima H. et. al. Nat Med 9, 596, 2003

In vivo B{nFABDH. NeuroD+BTC(9)
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Kojima H. et. al. Nat Med 9, 596, 2003
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New strategy to cure diabetic neuropathy

1. New peptides or drugs

Neuron

% Targeting

2. Gene therapy 13 ——]>

&
Narx
AL \I’\ .

Vector or = Specificity —»
drug

1)

Correction of

abnormal

gene Cure fr(:hm
expression neuropathy
Nutritional

support




Homing peptide screening by phage display

PIII protein sequence

Filamentous phage
(M13 phage, CX7C)

—

‘-\%fh pIII protein

Ala — Cly DRG neurons

T

o -
WTER

T

X3_ x4 -X5

207=1.28x10°

In vitro subtractive biopanning

Phage library Apply Supernatant
(1x10'pfu) Apply \‘
— \% g
\\ se=eze=
C——
DRG
Subtraction l incubate
HEK 293
Neuro2A
Re-apply opposum Kidney cell

culture dish

Purify

—

DRG

l Elute

Amplify

—




Isolation of DRG-targeting peptides

Sequence  Counts Name Sequence Counts
HTTSSLY 1 DRG59 ETGPFGL 1
DRG60 LSTSSKK

. 3 MGONLRF 1 1
Filamentous phage c3 KASS NLOLAPD 1 DRG61 TPPSPRT 1
DRG4 TGFQSGS SSFRGAT 1 DRG62 PALSHST 1
Molecular ZIP Code / DRG5 DSSRTRL LHKSELL 1 DRG63 TPSWSKK 1
DRG6 DFIRTQA APPELRL 1 DRG64 STPAVPP 1
DRG? LKHTNEA HRTIASG 1 DRG65 NLNAHEK 1
DRG-p1 CSPGARAFC DRGB  QGAENNN TESIGDK 1 DRG66 QHQKQGY 1
DRG-p2 CDGPWRKMC mate mreuoar smern 1 omass mames 1
5 L SLPPG L
DRG-p3 CFGQKASSC DRG11 PPWSSPK PSGTPSY 1 DRG69 RSSPENT 1
DRG12 AQSENKL SNRSPLM 1 DRG70 SPPRPTG 1
DRG13 LPTSKKM TIGOSYR 1 DRG7l VNTPERH 1
DRG14 NHLKNPA SPTEGTP 1 DRG72 TPQYPKL 1
. DRG15 TFSIGEK ¢ PLSGAPW 1 DRG73 PTLLPEQ 1
pHI pl‘Oteln DRG16 QAIQNST DAPTEMH 1 DRG74 NNANYRL 1
DRG17 HNTNAQH TDFRSRV 1 DRG75 GPHFEQS 1
Ala Gly DRG18 TPSLPQT LVLPPLA 1 DRG76 PAMNSVK 1
DRG19 NMPTQRS SSSPARL 1 DRG77 GTTPTST 1
Cys = Cys DRG20 PVRSPAV TATNTRT 1 DRG78 ENSTRGS 1
r'd N DRG21 SSQAPQS DGAGTWV 1 DRG79 DDSGPLR 1
\ Xi X7 DRG22 DAQKNMN EKHLAPR 1 DRGBO NMHPTAT 1
)I(Z )I(() DRG23 GLOLSQT PLTPLGF 1 DRGBl HONWRET 1
. 3 DRG24 SASNTQY MTPFMGS 1 DRGB2 PSTKYES 1
X3 x4-X5 DRG25 EGHLVSQ DSPGWPH 1 DRGB3 PLRLAHQ 1
DRG26 SDPGNYM GERESLT 1 DRGB4 QMPGNNL 1
- . DRG27 ALDNVPH TTAVALR 1 DRGB5 LATPLRN 1
DRG=a—0~ p DRG28 PTKQHAK NGLEVOR 1 DRGB6 LNGLKAA 1
R TLSPRSA 1 DRG87 TVSSERA 1

h ¢ / DRG29 TELQRHN

Oi, Terashima, Kojima et al, Neuroscience Lett 2008

In vitro phage binding

Anti-phage Ab(-) Anti-phage Ab(+) Adsorption (10-4M)

Same peptide Different peptide

DRG p-1

DRG p-2

DRG p-3

Bars = 20um

Oi, Terashima, Kojima et al, Neuroscience Lett 2008




Cell-size distribution of positive neurons

in vitro
50
I DRG-pl
< 40
9% Em DRG-p2
T 30 mm DRG-p3
o
2
Z 20|
[}
o
10 L
L 5 .

=15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51=
Mean diameter (um)

Oi, Terashima, Kojima et al, Neuroscience Lett 2008

Synthesis of GST fusion protein
with DRG specific binding motif

glutathione beads purification

= @ o
Coumasie stain

L]

GST-DRG1 ‘ -

-C-SPGARAF-C-

GST-DRG2 ‘—O

‘_Y_/
-C-DGPWRKM-C-

l | | I
whole E.coli extracts purified
= N =

(2} (72}
GST-DRG3 ‘—:O ©
LY_}

O
-C-FGQKASS-C-

G2

GST-DRG1

GST-DR
GST-DRG2
GST-DRG3

GST-DRG

Oi, Terashima, Kojima et al, Neuroscience Lett 2008




In vivo peptide binding

None

(DAPI: blue, GST: green NF: red, Bars: 20um)

Oi, Terashima, Kojima et al, Neuroscience Lett 2008

Cell-size distribution of positive neurons
in vivo
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-
o
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Mean diameter (um)

Oi, Terashima, Kojima et al, Neuroscience Lett 2008
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ANALYSIS

Science and Technology
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Liquid Scintillation Counting (LSC) today is the most sensitive and widely used
technique for the detection and quantification of radioactivity. This
measurement technique is applicable to all forms of nuclear decay emissions (alpha
and beta particle, electron capture, and gamma ray emitting radionuclides).
Liquid scintillation counting is an analytical technique which measures activity
of radionuclides from the rate of light photons emitted by a liquid sample.

The technique of liquid scintillation counting is based on a few well-known
physical phenomena. A brief explanation/review of these physical processes is
given in this section in order to provide an understanding and appreciation of
the power and limitations of the technique in the various studies involving the
use of radioactive tracers.



LIQUID
SCINTILLATION
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OUT LINE

radioisotope and Visitor
Basic Theory of Liquid Scintillation Counting
Quenching and Efficiency
Sample Preparation
Applied Spectrum Analysis
Other Counting Interferences
Special Considerations for 3H

Counting Statistics
Summary / Questions




ALPHA PARTICLE - [Symbol: «{alpha}] A doubly positively-charged particle emitted
by certain radioactive materials. It is made up two neutrons and two protons bound
together, hence is identical with the nucleus of a helium atom. It is the least
penetrating of the three common types of radiation (alpha, beta, gamma) emitted
by radioactive material, being stopped by a sheet of paper. It is not dangerous
to plants, animals or man unless the alpha-emitting substance has entered the body.
(See DECAY, RADIOACTIVE.,)

BETA PARTICLE - [Symbol: 8 (beta)] An elementary particle emitted from a nucleus
during radioactive decay, with a single electrical charge and a mass equal to 1/1837
that of a proton. A negatively charged beta particle is identical to an electron.
A positively-charged beta particle is called a positron.

GAMMA RAYS - [Symbol: v (zamma)] High energy, short-wavelength electromagnetic
radiation originating in the nucleus of an atom. Gamma rays are very penetrating
and are best stopped by dense materials, such as lead or depleted uranium. Gamma
radiation frequently accompanies alpha and beta emissions and always accompanies
fission.

\

Amounts of Radioisotops

1Ci (F21—) =3.7x 101°Bq (R4 L)
= 2.22x 10"2dpm

1 pCi(¥M70%al)—) =3.7x 104 Bq
=2.22x 106 dpm

\




SAFETY PROTECTION(1)

| AZTES | == | R |
|
/ | R S | \
I
| |

RYoNEDRBERZ
I

| Rt plkEoBREF=yr | == |  rvFoobraze=s
|

|

| smmwmiongr=yrs | === | oM¥p—qz—si¥ |
|

| £, BE | == | RIOZ TR |
|

[ #BeT#omEF=yr | == |  GM¥—~gr—sh2 |
|

| RIFEEAI DI | == | mmpoumrigs |
|

| A kS onkF=yy | == | ~vkeovbeomze=s |
|

| Ay EOBEBE |
|

KI 2 I S B |j

v AN

| EETERE | =—=—| R B |

SAFETY PROTECTION(2)

. FA ,
BeBzEESS (A 5

(01

REBHSENSD (b0 ’i i

FREEEE<TZ b - @ -




SAFETY PROTECTION(1)

qﬁ ed ﬁ
(BF2ME. hiEF20E)
(BF)
(BHER)

K FOVILR A
7\

Why Liquid Scintillation CGounting?

m Utility — all Nobel laureates in Biology for the past 25
years used radiotracers and LSC

m Versatility — applicable to all forms of nuclear decay
emissions; a, -B, e-, y

» Sensitivity
» Specificity
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RADIOISOTOPE

R 1

*H
140
353
32p
33p
51Cr
125l

18F
(PET)

(Emax) keV
18.6
156
167
1,709
249
32

35
562

and

ENERGY
HL

12. 3y (64 A)
5730y (3~14F)
87.5d (2~2~A)
14. 26d

25. 4d (1~2;8fE)
27. 7d

60. 1d
109. 8min

7/ \

U UsLpeLE uaLa.

Radionuclide  Half-life
“H 1243 yr
(108,887 h)
ug 5730 yr
=Ng 2.602 yr
(22,794 h)
“Na 15.00 h
=p 14.29 d
(342.96 h)
8 87.39d
(2097.4 h)
*Cl 3.00x10* yr
“Ca 163 d
(3912 b
siCr 27.704 d
(664.9 h)
“Fe 2.7 yr
(23,652 h)
“Fe 44.529 d
(1068.7 h)
N 96 yr
(604,440 h)
“Zn 2439 d
(5853.6 h)
"Sr 50.5d
(1212 h)
gy 29.12 yr

(255,091 h)

Emission

-3

TR W O® 2®

<2

x-ray

Energy
keV)

18.6

156.5
6545.6

1390.2
1368.5
2754.1

17104
187.5

709.6
256.9

3201

5.888
5.809

273.4
465.8
1099.2
12916

65.9
329.9
1115.5
1492.4

546.0

Emanations
per 100
Disintegrations

100.0

100.0
89.8

99.9
100.0
99.9

100.0
100.0

98.1
100.0

9.8

8.2
16.3
45.6
52.8
56.1
43.6

100.0

15
50.8

100.0 / \

100.0




SCINTILLATION TECHNOLOGY

Liquid Scinti i.j[: Q_E)I._@

solvent —>

Nuclear decay
(alpha, beta, gamma)

organic

scintillator

\ Yttrium silicate

Cystal Scinti Sodium lodide* -Nal

e

Bismuth germanate-BGO

/7 \

* gamma detection crystal

SCINTILLATION TECHNOLOGY

ORI
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Plus Plus
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14C Particle Energy Distribution

Counts

WMlzue Bz
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Energy (keV) / \
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The Beta Ray Spectrum and the Average
Beta Energy of Several Isotopes of
Interest in Medicine and Biology

J- MANTEL
Wayse Sue University, School of Mocne, D of Radinlepy, Desrit,
Michigan $5007, U5,

| Bacrived 3 Fpbraary 1073)

ray speoira aed the average eeergy bu been caledmted for 59 antoper of intsees
in medicine and hiclogy, Tor each (sooope, he avernge sreefy, the beta say spectrum, and
a table mchading the prriines mpui data weed o compesanion, s gives.

LE EFECTERE DE EAYDNS EETA ET L'ENERGIE EETA MOYENNE DE PLUS
TEURS ISOTOFES D'INTERET A LA MEDECINE ET A L&A BIOLOGIE
O ow ealeele o spectres de rayocs baita ot Uimerpie moyesne pour 59 isgoopes dmadedi & ls
midecine <1 & la bokegis, On priscss pous chagus isctops Iisarpe moyenne, b= specive de
rayors béca e un tabieau qul compesnd les donndes permisesie A ks campresatioe.
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Dias. Besaspekcram: snad die minler: Enesgee Bt (e 59 Sur Medizsin und Biniogies izsenees nrs
weeden. Fur jedes Dsonop wind b= mdribese Elswr‘;ir. das Ectaspektra—
h brndeo Ex ! Tabelle
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7\




M3
Ava. 2 energy ST keV

J. Mantel

<11
Avg.§ energy 3893 keV

cia
AvG. £ energy 49-3 keV

Sewctrum ez 1 e 3 I
00| Energy ke 186 Energy ke s70 100 Eneray keV 158
ot = 1% A b3
fotmipes - o > ped
% ool e * e L o emimsion Z
e Troe ot
p T ° X ° p TS, ©
20| Bt Legerer CAL ar o FELSLER T 20} o= # 4
e § I TS E e : i s : i e
ookt enE ok o ots o5 o it
Faricie eneray. MeV

N13
Ava. 8 energy 487 keV
Soect

Particie energy. MeV

s
Ava. 8 eneroy 7199 keV
Soectrum

Na 24
Avs 2 eneray 5529 keV

. :
S CE TR R E

Particle energy. Mew

32
Avg.Zenergy 6925 keV

Enecov 1708
7 Emission 100

= Dl £
Tyme or °

Pacticte eneray. Mev

ci 38
Avg. @ energy 3213 kew

PR
© 536 695 566 156 Vo
Particie energy. Mew

ARral

PRI
o 57 G2 6364 655507
Particle eneray. Mev

Particle energy. Mew

o5
Pasticie energy. MeV

~Na 22
Avg. £ eneray 2147 keV

ST 6z 65 o3 05

Particle energy. MeV

s 35
Ave.s

o S5 Gte  oif

Particle encrgy. Mev

az
Avg zenergy 2953 kev

Spoctrum Mot 2 3 =
Eaeray kev 1870, L 820

£u 1548
Avg. 3 energy 1958 keV

Somctrsm No-

J. Adantel

Ce 144
Avg. 2 energy 778 keV

Eu 152
Avg. 3 energy 301-6 keV

Spectrum No:1 2 2 &4 5 6
Ernorgy eV 186G 1070 380 _
% Emission 5 255 5113 6
Tyee of 2 e-m—a-s-a-

Particle energy, MeV

1+ 192
Avg. 8 energy 1763 keV

709 Spectum No: 1 2 2 *
o0 Energy keV 672 535 240
— a1
= <5 & w
et Lot Lo © A s
e e
© 515 G636 55 o860

Particle energy, MeV

Hg 203
Avg. 3 energy 585 keV

Particle energy. MeV

os 103
Avg. 8 energy 3383 keV
ool Soemrm N 3 2 3 4 s
s e g S eso e
F X emimion 42 2910 36 11
E ey

wf L

2o L7

o

T16 020000 o8
Particle energy, MeV

Pb 210

T30 550
Particie energy, MeV

Lo 177
Avg. S energy 1410 keV

Spectrum No: 1

Particle energy, MeV

Au 198
Avg. energy 3114 Kev
No: t 2
os9
199
P
a1

©20 046 060 6800 55
Particle energy, MeV

Avg. 2 energy 606 keV

12z
&1 1s
18 31
ER

1 1

Pt e ©na
TR S e i e

Particie encrgy, MeV’




The beta ray spectrum
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CERENKOV RADIATION

SPECTRUN PAGE STAT COUNT L 1-0ct86 1419
Vel Rull Soaled 25 Comnts il Soale? MM Plot Spectrun?
e u cale’ 0 s fu 7 7
LL m un CPH Cgsi 0 pectrum? no
Region 4 0.9 2009 189344 1
Region B .0 3000 10940.6
Region C: 0.8 2000 18949.2

1609.

Ll b A< T oY

KEV T (&)

Please enter Counts full scale in the range of 8 to 999999 (8 = autorange)

FL-PRIOSTAT PAGE  F2-CLEAR ENTRY

Figure 2. Energy Spectrum of P in 16 mL H.O.

CERENKOV RADIATION - Light emitted when charged particles pass through a

transparent material at a velocity greater than that of light in that material, It
can be seen, for example, as a blue glow in the water around the fuel elements of
pool reactors. Pavel A, Cerenkov was the Russian scientist who first explained

the origin of this light.

WATER, ETANOL, ASETON
263Ke v<BPERTICLE




Block Diagram of a Liquid Scintillation
Counter

h Coincidence Pulse

A A

Q Coinct | Sumn- )‘ Amplifier
dence mation

PMT 2

g A A

ADC

JULUn

Digitized
Summed

Pulse

Coincidence J

Spectralyzer

Spectrum
Analyzer

Coincidence Circuit — removes “noise” due to high voltage, temperature

var

iations, etc..

Summation Circuit — amplitude of PMT output is inversely proportional to
squared distance between the scintillation event and the photocathode
Analog to Digital Converter — converts PMT pulse amplitude to ydig\(cal
address in the multichannel analyzer

Coincidence Circuit

Event

Rejected Noise

Wan PMT 1
Valid Scintillation \/ |

i \/ PMT 2

\/ PMT 1

v PMT 2




The Background Spectrum

To analyze the shape of a background spectrum (Figure 2-31), we first categorize the
contributions to overall background in a typical LSC system:

1. Instrument 10%
2. Crosstalk 22%
3. Vial glass & PMT face 37%
4. Scintillator {14 mL) 31%

100%

1. Instrument background: This contribution results from the noise (dark noise, after-
pulse noise) of the PMTs. In a well-designed counter with a fast-resolving coincidence
circuit and low dark noise from the photomultiplier, the background represents on-
ly 10% of the total observed background. This background is low energetic.

2. Crosstalk: A scintillation event (e.g. spontaneous release of photoelectrons from the
cathode). initiating photons within one PMT (face of envelope body) will be seen
by the other PMT. These events are usually within the coincidence resolving time
and by summation they may appear as low energy background pulses. PMT masking
or electronic crosstalk correction will reduce these background pulses.

3. Vial glass and PMT face: Background scintillation in the vial wall and the PMT
face are generated by: effect by cosmic or environmental radiation of glass walls
and PMT face. (Radioactive XK radiation is present as a residue in the glass wall
and PMT face.) The distribution of these background pulses is flat over a broad
energy range.

exe 50CPM  (5+17+8)=20 7\

BETA PULS
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: °
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Counting Interferences

s QUENCHING

«WALL EFFECT

«s VOLUMEINDEPENDENT




Liquid Scintillation Counting

s — Solvent— Scintillator—» light» PMT

» This is a linear conversion, therefore:
»# photons is directly proportional to -3 energy

»10 photons per KeV

Quench

8
Radionuclide ——— Solvent —— Scintillator h—»
X

X

X

Chemical Color
Quench Quench

DPM = actual number of nuclear decay events (goal)

CPM = number of decay events
detected by the liquid scintillation counter




chemical quenching
color quenching

oxygen quenching

-l L

concentration quenching

FILTER

QUENCHING

CPM DPM
Blood 10,000 30,000
Urine 12,000 30,000
Plasma 15,000 30,000
Brain 13,000 30,000
Marrow 17,000 30,000




Quench Indicating
Parameter (QIP)

Quenched

Counts

Unguer

nched

Region A

L Region B

Spectralyzer Channels (KeV)

Peak # CPM DPM
1 60,000 100,000
2 50,000 100,000
3 37,000 100,000
4 20,000 100,000
5 15,000 100,000

% Efficiency
60

50
37
20
15

FILTER

»* 59% (55%)

X 100% (88%)

95% (76%)




COLOR
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DPIVI in Plastic Scintillation Vials

Time Volume DPM 2% DPM
(hrs.) (mL) Recovery
o S 43.567 100.2
o 1S 132.759 100.2
12 =3 44 _.009 101.1
12 15 133.693 100.9
24a =3 43.657 100.3
24a 15 132.639 100.1
36 S 43.466 100.4
36 15 132.487 99.9
as =3 43 .692 100.4
as 15 1232419 99.9
60 =3 43.595 100.2
S0 1S 132.387 99.9
72 =3 43.568 100.1
72 15 133.120 100.5
84 S a2 984 o8.8
84 15 132.570 100.0
Mean 43.567 (5 mL) 132.795 (15 mL)
sD 308.21 a479.72

26 CV o.71 0.36




VOLUME INDEPENDENT

120
10

O MICROFUGE TUBES

@ SMALL VIALS
@ STANDARD VIALS

% DPM

01 10 1.00 10.00 100.00
VOLUME (mL)

Figure 3-16.

Counting Interferences

= Luminescence
» Static Discharge

= Background

7\




Luminescence

m Caused by:
- chemical reaction between a high pH sample and scintillation
cocktail
- UV light interacting with the scintillation cocktail or the vial
» Results in a single photon event between
0 and 4 KeV
= Controlled by:
- moving the lower discriminator up to 4 KeV
- delayed coincidence
- neutralizing the sample before adding cocktail
- temperature control — heat the sample to drive o
the reaction to completion or cool the sample mbgyg“i
to slow the rate of the reaction
- time

LUMINESENCE

70.00 + X10 >

Initial

60.00 }

S50.00

40.00

30.00

COUNTS PER 0.5 MIN.

20.00 ¢

10.00 }

10.5m

.00 2.00 4.00 8.00 6.00 10.00
PULSE HEIGHT keV




Luminescence, H-3, C—-14 Spectrum — LSA

Luminescence
.
i

I / *H Spectrum

/ “C Spectrum

Counts

7/ \

40 60 80 100 120
Energy (Ke\)

Static Discharge

» Caused by two nonconductive objects being
separated (i.e. hands, gloves, plastic, glass)

m Results in non-reproducible high counts in
samples that should have low counts

= Controlled by:
- electrostatic controller
— wiping vials with a slightly damp paper
towel or dryer sheet before counting
- static free vials

Figure 3-16. Packard Electrostatic Controller




Equation for Calculating DPM

Net CPM

DPM =

T Counting Efficiency

Unknown

Variable

Optimizing Counting

» Consider quench and other counting interferences
m Homogeneous Sample

- Clear, not milky

- No phase separation

- 47t counting geometry

- Remember: the detector is in the vial
» Choose the appropriate cocktail and vial

»GOAL: determine actual amount
of isotope in the sample




Methods of Determining
Counting Efficiency

= Internal Standard

= Quench Indicating Parameter (QIP) based on the sample
spectrum (SIS)

= QIP based on the external standard spectrum (tSIE)

External Standard Spectrum

Solvent or
Scintillant

Compton
\
+electron




tSIE Calculation using 133Ba External Std)

Quench Curve

100 5 5
i/l
= 3H — Due to low Emax, 3H J
is easily effected by small
changes in quench 60 /'.,/"/
= 14C - Due to higher Emax, p
14C is effected only by pd
moderate to high quench /”
7
yi
EFF | ¢
100 / \1000

COMPTON




Spectral Index of the External
Standard (tSIE)

m Accurate quench determination for all samples, regardless of
sample activity, sample volume, or wall effect

» Low energy 133Ba standard (Emax = 384 KeV) is more sensitive
to the subtle changes in quench that effect low energy samples
like 3H and 14C

= Low energy gamma rays require less sample to interact and
produce a Compton spectrum (down to 25 ul)

Bottom positioning of the external source provides optimal geometry,
and volume independence

/7 \

DUAL ISOTOPE (3H/14C)

Counts
o1 50 100 150
| Energy (keV)
1
1
3H | 14C

12keV v\




PERFORMANCE

NOTE

U

PN NO. 9 OCTOBER 1986

QUANTITATION OF DUAL LABELED
3H/'*C SAMPLES AT VARIOUS
RATIOS

The quantitation of dual labeled *H and
1“C samples by liquid scintillation count-
ing has become a very popular and
sophisticated technique. This technique
involves simultaneous quantitation of
two radionuclides in a single sample. The
Tri-Carb® liquid scintillation analyzers
are able to quantitate *H/“C samples in
the ratio of 50:1 with good accuracy. This
iseasily accomplished since the spillover
of the low energy radionuclide in the
high energy region is low at all quench
levels. However, when the 3H/“C ratio
has an excess of “C to *H, then many
liquid scintillation counting systems are
unakt e to compensate for the high spill-
over of “C into the *H region (refer to
Figure 1). This can result in low recoveries
for 3H. The Tri-Carb 2000CA liquid scintil-
lation analyzer gives the results shown in
Table 1 for ratios of *H/+C of 1:1, 1:5, 1:10,
1:20, and 1:50 at various quench levels
(tSIE). This table shows accurate recover-
ies for bath *H and “C of 100.31 and
10C.£5%. respect: ly. with a coefficient
of variation of 0.887.

Table 1. Quantitation of Dual La. eled
3H/*4C Samples at Various Ratios
arid Various Quench Levels

3H/14C 3H 1aC
RATIO % RECOVERY % RECOVERY 1SIE
100.6 101.0 808
100.6 101.3 473
100.2 98.3 161
999 101.8 828
102.3 100.5 463
98.8 102.0 174
100.1 101.3 786
99.7. 101.1 464
100.8 101.5 173
997 100.9 780
99.8 100.5 448
99.5 100.9 166
100.9 100.6 786
101.5 100.2 681
100.31 100.85
0.890 0.893
0.887 0.886

A complete series of samplesata *H/'“C
ratio of 1:20 (Figure 2) were also assessed
at eight different quench levels from a
tSIE = 800 to 100. These correspond to an
efficiency of 61.6 to 12.6% for *Hand 83.9
10 62.1% for “C. It can easily be seen that
the Packard Tri-Carb 2000CA liquid scin-
tilldtion analyzer is able to acc irately
quantitate dual labeled (*H/“C) sam-
ples at various quench levels.

Count Time vs. Counting Error

TOTAL ERROR
COUNTS %2S
100 20.0
200 14.1
400 10.0
| 1,000 | 6.3 |
| 2000 | 4.4 |
| 4000 | 3.2 |
| 10,000 | 2.0 |
[ 20.000 | 1.4 |
| 40,000 | 1.0 |
[ 100,000 | 0.6 |
[ 200,000 | 0.44 |
[ 400,000 | 0.32 | / \

NOTE: 1,600 counts = 5% error
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What Scintillator?

SOLVENT+ SCINTILLATOR
+SOLUBILIZER=

SCINTILLATION COCKTAIL

2w Geometry 4or  Geometry
Heterogeneous Homogeneous / \

CHOOSING A SCINTILLATION COCKTAIL

Choosing the appropriate scintillation cocktail is very important in liquid scintillation
analysis, The combination of the sample and the scintillation solution is a major deter-
mining factor of the quality data (DPM) in the counter. Several factors are important
in the quality data:

1. Sample compatibility

2. Counting performance
3. Cost

4, Convenience

5. Safety and disposability

These factors are all interrelated, and each will be discussed separately.




Table 66, Toxicity Values on Some Primary Solvents,

Vapor pressure’  Equilibrium’  Threshold Limit ~ Toxicity
at%°Cin  Vapor Concen-  Value (TLVF  Ratio'
mm. of Hg.  tration ot ppm

2°C, ppm
High Flashpoint solvent! 0075
Pseudocumene 2 2900 2% 116
prXylene 88 11,600 100 116
X ylene 82 10,800 100 108
oXylene 66 8700 100 81
Toluene %2 81,100 100 31

CORRELATION BETWEEN SAMPLE VOLUME (mL ANALYTE),
COCKTAIL VOLUME AND PERCENTAGE SAMPLE LOAD (%SL).

SAMPLE VOLUME

- \
10 mL
© 9ImL
8 mL
7mL
6 mL
SmlL
4 mL
20
A L T

PERCENTAGE SAMPLE LOAD (%)
8
[

3mL

2mL

1mL

COCKTAIL VOLUME (mL)

Figure 6-6 Correlation Between Sample Vol (mL Analyte), Cocktail Volume and
Percentage Sample Load (%SL).
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VIAL

PUT ON THE CAP
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Summary — Liquid
Scintillation Counting

» Strive for homogeneous samples

= Using a quench curve based on the external standard (tSIE) is
the best method for converting CPM to DPM

m Be aware of interferences and how to deal with them

» Consider counting statistics and count time

m Explore methods of waste reduction

m Prepare tritium and dual label samples with extra attention to
quench and luminescence

» Always use tSIE/AEC with dual label samples

7/ \
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The Profile Display

See also Profile Display Options

There will be a separate window in the Profile Display Window for each Lane Template that exists in the image.
The profiles from one or more lanes, and marks indicating profile regions and the background (baseline) for
quantitative analysis will be displayed in the window.
Click on the picture for explanation.
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K NAE S DG A ITIIE~ DR % Fhad 5,

2—11. [HFROEHE - AJ7 - THr

2—11—1. &l - &8

AHRGEOE NG R ERE 1L, AFIEOFHE « FEHEIZBI G- L 72\ e R R RS2 R 1
WP KA DMEICY 72D CERk 18 4F 3 HEBIE), Z OfE NIEHE HLE 1372
BN ARREEIZ DWW T OEALIEE & XSGR OEE LOARHERIZE T 5
B NG E BRIk 2B 21T 5, AU EAEE - EE 35 9 X THRERAHT -
TN A - REBRIEAEOEEICB O TR AR Z B O 5E1E. BAN
WEHEOEBEO G & T8k 2 1R LA D W98 3 L ORI SE O R FERFE



HETWEG G OREMNRN 2 2D LT EMBE 2 Zh et 5, 722 L, BisfiEr
WFIE 2 FEhid D ANCIE. FAERFFEH ORIEIZ IS & A AFIEELE AR 1T 54
B EOEA L ZE EFE TEIrRIER L0,

2—11—2. A/

THEHRO AL, AFFEOWTEE I L O FEMIBE b L < XA ORFENTEE & 228
RO ULIE—EDOEM (EAEFRREOEM L) 2T ANNERICEET D, £
7o RIFREDOT — X R—=ZADEREB LT — % 7 ) —= 2 IR O FEE F L O
FEMBIE DT O,

2 — 4| =K EREFE R ~OT — 2 LHICBET 27 — 2 ANB L OTF— 2K
2B LTI LRI O FHEE e - TIT 9,

2—11-3. T—XDEH

B X OV K LA O ERIC X AR RO FHL, SRS RS
DEE O T, AHFFEDORFIEE I L ORFZEMiBhE 3 L9 5,

FHH I L ONBIERD 2 — 4 (48 7= L FERFFE ~ DAt H 13 & L [FAFZE O Bl £
Weo THEMT 5,

2—11—4. AFEAL oML

ARFZE TUVEE « 117 L T D AR E 2 W 2@ A 3 X Ok sy « RSy
MRAEIX, 2 — 41T 7R S5 RN, LR AT 2 PTE RN, HE[F
FRGEDN A RER 2 4T~ D A S0 D SR BAN . E 7213 RFE LTSN TEMT 5,
712 LIREICHT 2 12H 72 - TE, MBI SN D BRIRIIA DT — &2 X— 22BN
THEAT 2N GRBIE S L X B2 D87 72% 5 &2 UV CHlfs AT ReEA L 21T 9,

2—11-5. WK THROFHEEE « KRB OH N
A CHRE T DRIESCE - HEEE « AEREEHNT, BEME T 06 20 HF£Z1IE TR A
E/R HFIECHEIET S GEMII &4 (2R T),

2—11-6. HFHROEE - AJ) - THOFEM
PLEDJFRNCH Eox, EFWMOEHE - A1 - BHOFEME2 RS TFIEE) 1[2hhg
ED D,

2—12. EPRWERFEDOAEK

AL DOHEPIRILIS LT — & OF BRI Z & 5 B R, W RS A B ERFER
Z O D EFHEERIC A 1 BERE L. AR OHESRILS X O 2 B ER R E
EAEAR R PINFT AT DR — =V H D WIS = — A L X — EETHIAHRTE
AN ART D, Flo, RFROESIRN, 7 — 2 EHRNE 2 — 4128817 72 L FFE
IZHE T 5 & &b, HFEFEREROEIRIL I L ORCR 2 A ER R P = E L



PRI A T DR — L=V h D WE =2 — A L ¥ — @RS TEMMIC
NEKT D,

AWFFEDREFIE, AL DOFAEIFIEE B L O AL I DSAHFZE O L [RAFFEE (fF 6%
2) & ik U CGimSU RS 20 E L, WARDNEME LW X 952 9 2 T SUER R
HET 5, R EZART HERICIT, BB AR FE S ND Z &R0, FrEDOHUI D
ZERNCORMMB DRV E HEET D,

K ALFF TR 2R DR R D AT DWW TEA LRI IEFHEEIHE D,

2—13. =1 - wmAEHE

2—13-1. W H#EOR#E

AWFFE % Fht 3 HAFICE (X, AFEOMIER IE 2 RSN O falk « RRIED 5
AIRE7R R D (RET L2 RBEH T D,

2—13-2. fv7F—LR-artrh

(1) f> 74— K:arvy hOERE

AT —LReartr hOERMBIL AT 2 ITHBIT TR IEICEE D D 05838 DA,
RIEBEFIEE] ICEDLEM,EZMI-TEET D, $TA T +r—L K -arkr b
FehaE OWHE 1L, 78 b NIRRT DOFFEIFIEE & DZKINE O FAEIZOWN TR, A0F
ZEOERS 5 [RERSFIEE] IZHBED D,

(2) RN—=RA T A AR

et E 1TIE, BERGEE - B0 IKLHAEZ SO -REO 2RGSOV CHANIHMA
ATV, FEIEXETERET 5, tBch > TR, FaNciAmT il CEE 725
MFEE S L, AHEIC K 23EE oMM FEE 35, XFICXL LA L FRERGO
DT, WA SCER L O EMERSCE L BISIER T 5, 72, DFHIC L 23 T, 1A
ERGFIEE ] IZHEEDTHBEIZOWTHEMEZRRE LS ZITS, 2L, FE
R CEEZ AW FRIEMR O R TIX, HEdRF LA 7+ —2 K- a2 N
BT R — O CTHREZIT I,

(3) #& VK UFHARE

IR LIREICH T > TE, N—R2 T A VIREREEDN O OfMEREH O LTS, R
Bl aEA, ol TXEL OBIZEIMHAZITY, FEZXETRET 5, @
£ OEHA, BIOREMESCEONFIC OV T, #YIELFHEORIEE TIC T
VIR LR FEBSEFIEE) CRE) ITED D,

(4) FRIEIDHE L OSSR

e 1 I IERER Y E L O ERE L, TR EHRT 5720, KO FEER
e B S ORI WE DRI IS T 2RO 2 HRT 5, FERVELOEFERD -
e, TREBREFIEE ] O T3 REREIFIRS KO 4 1T HIEICIEVEEY
T HWIEH E OFREE R, ARREIRB LT — ¥ Z2EBICE T AR A RE R Ik CHREIET
%o Flo, EHIZEDO T & LFEFSEEERICIERMEFHEECE SV TER T L &b
2, BEEOF ML HiEE T D,



2—13-3. [HANEHROLE

ARFZEDIEE U7 E M EFRA, a2 ib R, BERRAER W], ARO[ A #®IX,
WMOEE - ATy - B (2-11 F) | BLO THHEINE FIEE] (e, FF5eH 8 ek -
ESAEA Y A ECAANNGY ¢ It =i

2—13-4. &5 - f5st - WHIERtEE - FIEEOREST

AWPFED IR T - T, BRI DIETB L UER (Te b7/ A - BT AT
(ZBIT D MmEAER) . DESMIZEICE T D MEREER) 22 L) AWFZERHEE R KOS TFIE
OB ZETT 5,

2—13-5. mEFEELZES DK

AFZERHN T EER R P OMHEBFEEZBERORKR EZITL2bDE L, XR—=AT A
TEOBBICHT- > UIAFEHBEL L O REREFIEE) 2, /-, BVIELHA
BTEOEIZHT=> T, ZORRCUET SN AFIEFEES LV T L#HAE FE
BAAFIEE] CRE) 2. TAFNOREICE T 2EEICEET 5, AFZEitmEEL LW
FERGFIEE). VR LUAE RERSGFIEE] CRE) ORI HREER KT
B EREDORBEZNLE LT D,

BEEAED 9B, BRRGLERIC IS SRR IRIETE D W ) 2 KT 5 =R ((F8k2)
IZB W T H RO ISR T 5 U EREE O MEEELZ B OKREZE L, 0B,
W EFESEANICMBEIEEZ E S DNHE STV RWIEA IR, YiERER & s k.,
HE e ER% IC BT D Mg AL B ORREELI D LT 5,

F o AREFFEEHEIEIL, [ B AR S % 3L R 2R — MFZE : J-MICC #F32) & DO HL[RIBFIEIZ
HleoTE, YRR RET S MEE=4V V7 EBR) ICLOEE - E=4
Vo T b e Ebic, TEARS R ILE 2R — RMFFE : J-MICC #FZE) O EAEMZEEIC K
LHERBOZITHLD LT 5D, FEREOZTIZEE L THEERIC, &LFFEIC L 275K
T AHLDET D,

2 —1 3-6. AKFEOMTHE R

AT I TULEE S T2 AREL O T X COMTHEFIZ OV T, RIFFED H TRk
FEELHE SN SERICBE L TR, FAIMIC TR CTYER S & IR 1E 1K
HT %, BT RIZOWTHRIEEET S, 2721, HARFAIZEB N TRFE LEE
MNE DDA IRAERIZONTIL, FREHIEORLENLEICL VIR INTZLE ZRW
T, AN T2V, £, AEEEOBE TN R A2 & T3 X T OMHT#E R D IRH]
KT A B DEREY, R—2A T A VHEREOA T —L K a3k NFEEE
X DOHRTHERET %,

FTo. ARBFERSINT 5 ILFERFZE LR CTHEM T 2 A ERFELOMEITIZE LT, ZOfE
Wikl 2 3 3 2 00 8 5 MOHIRFIZ DN TR, ABFZERHEE Tl <, K HLFEFZE 5]
WIE 8 DAFZEEHEIEIZNE D .
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F=H YT BEAEOBIX, WFSEEEZEST L CAFENE EICE I TS Z
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[FMFSEORREZ T H L L iz, WHERKFMHEFEAEZAESNOH OO TRREZ
7%,

2—165. W5
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IR DFELRIZES O 5,
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ERIAFZE L L COARMIEDOFRBEZETE L CHET NS, M2 IcaEnsmmes
Do H, FEET2RIICEE L72H 72 b NSHREEFIEE 5 X O EATHFIEE 3 3R/ CT1T 9,
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%, BILFRPFIEOMEFEZEICED AT AN HET S,

2—16-2. FHFoIFE
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~4), 0 IR UFHARET 5) ~T7) ZERK) .
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k1 WFEOXSG L 355

R, PREEE, b LIRS L CUTOEA ZHTICH WS, B, HIEO%%
EROHEEEBIOMEEB L., FEOHERIIC L > TEREINLIBENH 5,

INNIR 2o E S

PEEE 4 13 C OB R EED BAF b V72 A B2 1

2. AIEHIESE

ERIFENOINE SN 2HEHE,

3. MR

itk AR B MR 2R R RE, R, B, mE (2 BRESD) .
PREE. REA. REM, JRTNa K+ 7 L7 F= FRIMFFEHER. BN, B
ol A7 ue—/L, DL 2 VA7 m—/b LDL 2 L A7 m— L GOT, GPT, vy GTP, /&%
J& CRP, BNP, Rfe, 7L 7F = CLE, ). ~E7ovr, ~~hr27 VU v b,
ARMERE, BMERE, /bR, g, HbAle, A > AU 2 BB i Ed X
ORI A= A& IR FE (ABT - PWV) | LhEE[X

4. IMERGy (FE S5 RAFILTE « M - ZRIEROMIEEH )

A bAoA

TEHA

RIE~— N —
g~ — 7 —
RVE B E

WAL Sp:
Pl IR - e

WEH, 7V7 Iy, BEHZHE, TV7 Iy --7n7) Ul
IL-18. IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-18,
TNF-a . GM-CSF, IFN-y

MIP-1 ., MIP-18., MCP-1, =4 & % > RANTES
d-ROM, T hrTmavr, 747V =78

PSA

TARNIVUA—)L, TARBY, TARNATE L,
DHEA (FbE Kmx— b7 KrATml),

7a A7 u . SHBG (EARLEUEE 7T V)
TT AR T

VEGF, bFGF, IGF-I1. IGF-I1I. IGFBP-3

4% DNA &, If4% RNA &

B IR 975 [543
A b L A REE

HEe)E
SRR

FE

CRTF R

DHEA-S, ATCH, =Z/LFV ), =bER7Y

JNVEZERT Y K=y, kErbh=r FTELVRFI
L =7 A

KMhar /A4 K, VF /)=, bavzn—, az %A1 LQIL0
Fefl DL = L AT m—/b, ol AT a—/L, JEl5EESy

YA ~ury 27 F = LB F=AT A



™ A L A BEE HBs HiJii. HBs Hif&, HBc HLfA, HCV HLfA, HCV-RNA,
HCV 1&{= 1, HTLV-1 Huik
Z DAth, o YETR, X eTva VR

5. DNA @ A F Ak

MHE TP EERE S 2 ASHIM S S DNA D A F Uk DR EEZR . S ARAICEET 5 &6
D7 uE—F —FHEIZONTHRET D,

AR OE5 T CDKN2A, RASSFIA, RASSF2, RASSF4, DAPKI., MGMT. APC, HICI,
CDHI, RARB2, GSTPI, MYODI, MLHI, BRCAI, RIZI, XIST. ESRI, CALCA, PGR
e,

F 7o, R Y > 73EK DNA (22U T4 DNA D A F /U RIRRE D & | 2 5 8 TR
T 5,

6. AT rREERE DNA DZE B - R - NS
i 3 P R X A 2 (RHR AR Sl DNA 1238810 2 | BB IHE S T8 L O E R O LK -
KA HIRICOWTHRAET 5, fHRE LT, F— AL L= Y >3 EBKDNA 2 VW%,
UTICRT ORBRESZEOBISFDOFTH D,
IS« R4 KRAS2 =1 R 12, 13, 61, BRAF =1 N1 599,
TP53 T2 5~8, EGFR =T V. 18~21 77 ¥,
HANE © EGFR, ERBB2. MDM2, MYC, ACTB (WNERIEHE) 72L&,

7. BinTH

INBITTRTEETFZUTHY, BEORIKE RS L5 RBREROGWEL O
BRI E A TR, TUVHEEN1 a5 b0ax5 L Lz, FHIINOER
FHITBNL TH D, 2L OHAOFEIMNITIERRICHEHE L TWVDEZ ER”hoTnD
ML ThDH, BEHREL THELFOVMEOBRLR X, EdiEs Bbhs 7 r—7IC
ATz, BIGFROBRTERLORNE D, ZROMAEbE CEEEFRNER SN
TWHELGTFTHD, T /BRATHRENTODIETILT XV BERELE S 2RO R
YONEERT, WIKIZE o THEN TV D EFITIEERESRE 1 & Lzt EOBIE T
RO EZRT, Flo, WO A/KKIE Ins/Del T, RFLP (2 L 5 ST IR E 4
TaRL7e, S RaRUTDNAICaZ— RS TWAEBBEFICONWTIE, 2 ha RUT
DNA EONETRLTH D, TOMOLAT@FrCEIL LT,
1) FE0 A E IR I K OSEAIAR TR

APEX1 Aspl148Glu COMT Vall58Met

CYPIAI Mspl, Val4621le

CYPIAZ AT34C CYPIBI Val432Leu, Ala453Ser
CYP2A6 wt/del/con CYP2B6 CYP2C8
CYP2C9 CYP2C19 CYP2D6

CYPZEI CYP3A4 CYP3A5



2)

3)

4)

5)

CYP3A7 DPYD T85C

EPHX1 (mEh) Tyr113His, Hisl139Arg GPX1 Prol97Leu
GSTAI GSTAZ2 GSTMI present/null
GSTP1 1lel0O5Val GSTTI present/null

NAT1 NAT2

NQO1 C609T UGTIAL 6/Trpt UGTIA7 Asnl29Lys
UGT2B4 UGT2B7 UGT2B15

VKORCI C1173T

DNA {E1H SR

BRCAZ Asn372His, Met784Val ERCCI C8092A
ERCC2(XPD) Asp312Asn, Lys751GlIn ERCC4(XPF) Arg419Gln
ERCC5 Ser311Cys, Thr411Met, Glu672Ala IGHMBPZ2 Thr671Ala

LIGI A14271C (in exon 6)
MLHI G-93A, Val219Ile
MSH2 gIVS12-6T/C, Met68811e, Leu390Phe

NBS1 Phel96Val, Asn716Asp 0GG1 Ser326Cys
POLG Prol8Ser, Glull45Gly

POLI Arg71Gly, Ile236Met, Pheb07Ser RAD51 G135C
XRCCI Argl94Trp, Arg399Gln XRCC3 Thr241Met

XKCC4 Alal68Val, Pro379Ser, Thr706Ile, Glu912Gly

PRKDC (XRCC7) G6721T

DNA #E58d BZER R SR J6 K O BERR e R

BUBI Ser375Phe, T26145C (also called IVS9-8T/C) CBS 844ins68, C699T
ECGF1(Thymidine phosphorylase) Leu471Ser, Arg263Gly, Gln255Leu

HDAC10 Glyb588Cys ITPA Pro32Thr MTHFR C677T, A1298C
MTR Asp919Gly MTRR A66G SHUT1 C1420T
TPUT Tyr240Cys TS 28bpVNTR, 1494del6, 1VS6-68C/T

RFCI(reduced folate carrier) GS80A

UMPS(Orotate phosphoribosyl transferase:0PRT) Ala213Gly, Val4461le
URKLI(Uridine kinase like 1) Phe423Leu, Ins/Del (rs11476611)
UPP2(Uridine phospholyrase 2) Serl0Arg, Leu78Met

MRRBEHBE LT R h— 5T 504

CCND1 G8T0A CDKN2A Alal48Thr, Val20Leu
CHEKZ 11e157Thr CDKENIA(p21) Ser31Arg
CDKENIB (p27) Vall09Gly P2RX7 Glu496Ala

TP53 Arg72Pro TP73 G698A (CT08T)

YA S IA /TR AA 2/ RERFBLOCOZER, RIEREYE
CRP C1444T, C9834T, A84010T, -286C/T/A
EGFR (CA)n in intron 1, G-261T, C-191A



6)

7)

8)

EPO Pro358Leu FBG C148T FCGR2A His165Arg

FCGR3A Val212Phe FCGR3B NA1/NA2 FGF1 A-1385G
GDF15 (MIC-1) HisbAsp  HP Hpl/2

IFNG AB74T IGF1 G2502T, (CA)n

IGFBP3 A-202C (G227C), (€3804G, C5827T(5606A Ins/Del)

IL1A T-889C ILIB C-31T (T-511C), (3954T

ILIRI C-116T ILIR2 Codonl199 ILIRN 86bpVNTR
IL2 T-330G 114 C-33T, Glnb7bArg IL8 A-251T
IL8RB (CXCR2) CT785T IL10 T-819C IL12B Ser226Asn
IL12RBI GIn214Arg, GLy378Arg

IL13 C-1112T, Argl30Gln CCL2 (MCP-1) A-2518G
LTA (TNFB) A252G(Thr26Asn)

MPO G-463A NOS1 G-84A NOS2 (CCTTT)n
NOS3 27-bpVNTR, T-786C, Glu298Asp TGFB1 LuelOPro
TNE (TNFA) G-308A, C-857T, C-1031C

VEGF C936T

ERUNDBIR T T 7T IREICE 5T 5 WE L AR

CASP9 Gln221Arg (D14 C-260T GABI C/T

IRSI Thr608Arg, Gly972Arg

HIFIA Prob582S, Alab88Thr

IRSZ2 Gly1057Asp

NFKB2 -10G Ins/Del NFE2LS (NRF2) G-686A, G-684A, C-650A, (CCG)n

PTPN1 A36171G, C58359T, C64840T, A69103G, C69535T, A69866G, G69934T, 1848insG,

PTPN11 G33861A PTPN22 Arg620Trp
PTPRJ G1n276Pro, Arg326Gln, Asp872Glu

RUNXI C/G in intron 6  SHCI Met300Val

STAT6 (GT)n TLR2 Arg677Trp, Arg753Gln

TLR4 Asp299Gly Asp259Gly

TNERSF6(FAS/CD95/AP0-1) A-670G, G-1377A

RIVE RGBSR & SRR

AIB1/(SRC-3) CAG/CAA repeats AR (CAG)n, (GGC)n
CYPIIA (TAAAA)n CYP17 T-34C CYP19 Trp39Arg, (TA)n
ESRI (ER) A34334G (Xbal), €34288T(Pvull), (TA)n, C-105857T, G-9929T, A261G,
T70312C, C136475G, A197150G, A291048G, (2920837

HSD17BI1 (EDH17B2) Ser312Gly

SHBP Asp327Asn SKD542 Val89Leu, 2bpVNTR

NR3C1 (GR) Asn363Ser, Arg23Lys, Bell

TV a— L REEEE (2 8E1)

ADH2 ArgATHis ALDH2 G1lu487Lys



9) NEEAHICEET 29E
ABCG5 G1n604Glu
ABCGS Aspl9His, Tyrb4Cys, Thr400Lys, Ala632Val
APOA4 His360G1n APOB C526T
APOE G-219T, G113C, Cysl12Arg(E4), Argl58Cys(E2)
ADRB2 (BAR2) G1n27Glu ADRB3 (BAR3) Trp64Arg (D36 A52C, Pro90Ser
CETP TaqlBl1, Ile405Val, Asp442Gly

LIPC (HL, HTGL) T-514C LEP A-2548G LEPR G1n223Arg
LPL Ser447Ter LRPI C766T

PLA2G7(PAF-AH) Val279Phe PLD2 Thr19211e
PON1 G1n192Arg PPARA Leul62Val

PPAKG Prol2Ala, C161T, ProllbGln
PTGS1(COX1) Arg8Trp, L15-L16del, Prol7Leu, Leu237Met
PTGS2(COX2) G-765C, C-163G, T10G

UCP2 G-866A
10) FEAEB LOBXICET 2WE
CAPN10 (Calpainl0) UCSNP-19, -43, -63 GCGR Gly40Ser
GSK3B T-50C
SLC2A1 (GLUT1) Enhancer—1, Enhancer—-2 SNP1, SNP2, Enhancer-3, Haelll, Xbal
SLC2A2 (GLUT2) A-269C, A-44G, A103G SLC2A4 (GLUT4) G-30A
11) M EFREICRE G4 2%E
ACE 287bpIns/Del ADD1 GLy460Trp AGT Met235Thr, C10A
CYP11B2(AS) C-344T GNB3 C825T
12) MfmZEWE OISR B L URAA
CCK C36T CCKBR (CT)n
DRD2 EcoRI, Mbol, TaqlA DKD4 C-521T, 48bpVNTR
MAOA 30bpVNTR MAOB G/A in intron 13
OPRMI Asn40Asp SLC6A4 (5-HTT) LPR Ins/Del
TPH C218A ADRBI Arg389Gly, Ser49Gly
ADRBZ2 Aegl6Gly, Gln27Glu, Thrl64lle ADRB3 Trp64Arg
ADRAZA Asn2b1Lys, G-5871A, T-3168C, T-2210A, C-1808A, C-1291G, G1543T,
C1780A, C5290A ADRAZB 1ns/Del301-303, G-6159A, C-5377G,

C-2167G, C361A, G4588T, G7541C, T9429C
ADRA2C Ins/Del322-325, G-6853A, C-3848T, G-3640A, C1678G, G2453A, C2969G
13) M EWE
ABCB1 (MDRI) G2677T/A, (C3435T
ABCC2(MRP2) Val4lTlle
ABCG2(MXRI) Vall2Met, Glnl26Stop, Glnl41Lys, Ile206Leu, Phe431Leu,
Phe489Leu, Asnb90Tyr



SLC15A1(PEPTI) Thrl114lle, Serl17Asn, Vall22Met, Val4l6Leu, Gly419Ala,
Val450I1e, Thr451Asn, Arg459Cys, Prob86Leu

SLC21A6(OATP-C) Asn130Asp, Arglb2Lys(Asp241Asn), Vall74Ala

SLC21A9(0ATP-B) Thr392Ile, Ser486Phe

SLC22A1(0CT1) Phel60Leu, Pro283Leu, Arg287Gly, Pro34lLeu

SLC22A4(0CTNI), SCL22A5(0CIN2) El, -1, G1, F1, H1, I1, -2, -3, -4, -5, -6, ]l

14) MiREEEIZ B9 2 WE

F5 (Factor V Leiden) G1691A

F7 (Factor VII) A-670C, G-402A, G-401T, Arg353Gln

F134A1 (Factor XIII) Val34Leu

ITGB3 (GPIIb-I11Ia) PLA1/PLA2

PAII 4G/5G PLAU (Urokinase) C/T at in 3’ UTR
15) BE AR e
COLIAI T1121G MMPI 1G/2G
MMP2 C-1306T, T-790G, C-735T MMP3 5A6A, GludbLys
MMP9 C—-1562T MMP12 A-82G
16) LEREICE SRV ER -2
APC Aspl1822Val CDHI(E-cadherin) C—160A
CTSW (Cathepsin W) Phe217Ser (His248Tyr, 11e250Thr), Arg218Gln FUT3 (Le)
T59G FUT2 (Se, sej, seb) Gly247Ser, Phe280Ser
HER2 Val65511e HMOXI (GT)n in 5° flank
KLK3(PSA) A-5429G, C-5412T, A-4643G
MYcL1 (L-myc) L/SEcoRI 0DC1 G316A PGC VNTR
PRT G20210A SO0D2(MnSOD) Alal6Val
SFTPB A-18C, C1580G
TIMP2 G-418C VDR Taql, Bsml TCFI Ala98Val

17) T h=ar RUTEIET
MTRNR1 (12s rRNA) A663G, T681C, G709A, C752T, A856G, C1310T, A1382C, T1391C,
A1438G, G1442A
MTTV (tRNA Valine) G1664A
MTRNR2 (16S rRNA) C2766T, C2772Del, C2835T, G3010A, T3027C
MTTL1 (tRNA Leucine 1) A3243G, C3254A
MTIND1 (NADH dehydrogenase 1) G3421A, G3496T, C3497T, T3535C, A3537G, C3546T,
3552T/A/C, T3593C, 3644T/C/G, A3714G, A3759G, C3970T, G4048A, C4071T, C4086T
MTTE (tRNA Glutamine) A4343G, T4386C
MTND2 (NADH dehydrogenase 2) G4491A, C4505T, C4538T, 4541G/A/T, G4655A, T4688C,
A4T15G, G4820A, A4833G, C4850T, C48B83T, A4895G, TH048C, A5051G, T5108C, A5127G,
G5147A, A5153G, C5178T, G5231A
MTCO1 (Cytochrome ¢ oxidase I) A5951G, T5964C, G6018A, G6023A, T6086C, A6146G,
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G6179A, T6253C, T6680C, C6689T, A6752G

MTCO2 (Cytochrome c oxidase II) G7600A, T7861C, A8188G, T8200C

MINC7 (non—coding region 7) A8271T

MTATPS (ATP synthase 8) T8383C, G8392A, T8450C, A8453G, T8473C

MTATP6 (ATP synthase 6) C8684T, A8701G, T8762C, G8764A, AS8784G, T8793C, C8794T,
C8829T, 8856G/A/C, T8955C, T9090C, A9115G, G9123A, A9180G

MTCO3 (Cytochrome ¢ oxidase I11) A9242G, C9296T, G9755A, T9833C, G9932A, T9950C
MIND3 (NADH dehydrogenase 3) T10238C, G10310A, A10397G, 10398A/G/T, C10400T
MTTR (tRNA Arginine) T10454C

MIND4 (NADH dehydrogenase 4) G11016A,

T11017C, A11084G, G11149A, C11151T, C11215T, T11255C, G11696A, G11963A, A12026G,
C12088T, C12092T

MIND5 (NADH dehydrogenase 5) G12372A, G12406A, G12501A, A12654G, C12705A,
A12753G, G12771A, T12811C, C12816T, T13143C, A13263G, A13563G, G13759A, A13827G,
13928G/T/A/C, (C13934T, A13942G

MIND6 (NADH dehydrogenase 6) T14308C, G14364A, G14476A

MTCYB (Cytochrome b) G14861A, A14893G, 14914A/C/G, A14927G, C14944T, T14979C,
G14996A, C15040T, G15043A, G15047A, T15067C, G15323A, G15346A, T15440C, A15487T,
G15497A, C15508T, C15518T, A15524G, C15535T, A15562G, T15850C, A15851G, A15860G,
A15874G, G15883A

MTTT (tRNA Threonine) 15924A/Del/G, G15927A, T15940Del, T15941C, A15951G

mCR (D-Loop) T16519C
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Abstract

Background: Although accumulating evidence suggests that
Helicobacter pylori plays a role in gastric carcinogenesis, the
magnitude of the risk remains uncertain.

Aim: We aimed to estimate the magnitude of the risk of
gastric cancer associated with H. pylori infection by a large
case-control study nested within a prospective cohort.
Possible effect modification by CagA status, and serum
pepsinogen status, as a marker of atrophic gastritis, was
also considered to see its effect on developing gastric
cancer.

Subjects and Methods: Subjects (n = 123,576) were followed
up from 1990 to 2004; 511 gastric cancer cases matched to 511
controls were used in the analysis. Plasma immunoglobulin
G antibody to H. pylori, CagA, and pepsinogen I and II were
measured.

Results: The adjusted odds ratio (95% confidence interval)
of gastric cancer associated with H. pylori infection was
5.1 (3.2-8.0). Assuming all CagA-positive subjects are true
H. pylori positives doubled this risk. Atrophic gastritis was
also associated with an elevated risk of gastric cancer and the
risk increased further with pepsinogen levels.

Conclusions: Subjects with pepsinogen levels indicative of
severe atrophic gastritis may need careful examination regu-
larly regardless of H. pylori infection. Those who have other
pepsinogen levels but who are H. pylori seropositive are
likely to benefit from H. pylori eradication therapy. Consid-
ering both the cost and the potential for misclassification that
may occur using multiple serologic tests, caution is needed in
interpreting or extrapolating these findings into a screening
strategy. (Cancer Epidemiol Biomarkers Prev 2006;15(7):1341-7)

Introduction

Accumulating evidence suggests that infection with Helico-
bacter pylori plays a role in gastric carcinogenesis (1). Estimates
of risk range considerably between studies and the magnitude
of the risk remain uncertain. The variation in the results may
be explained by different distribution of gender, age, cardia
and noncardia cancers, and study design. In retrospective case-
control studies, H. pylori infection is, by necessity, assessed
after the development of cancer in patients. For some years
before cancer diagnosis, many of the patients likely would
have had severe atrophic gastritis and intestinal metaplasia,
conditions that favor the loss of H. pylori colonization and a
subsequent loss of seropositivity (2). Because this result will
not occur to the same extent in controls, such differential
misclassification leads to underestimation of the risk of
H. pylori infection. However, few studies have attempted to
correct the underdetection of H. pylori, and more epidemio-
logic studies with precise analyses are needed.
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H. pylori is known to exhibit great genetic diversity. H. pylori
strains possessing the CagA pathogenicity island cause more
extensive inflammation of the gastric mucosa (3-5), which is
more likely to progress to atrophic gastritis (6). Furthermore,
antibodies to CagA persist longer after H. pylori eradication
than surface antibodies detected by conventional immuno-
globulin G (IgG) ELISA (7). The pepsinogen level reflects the
secretory function of the gastric glands. Levels are decreased
significantly in subjects with chronic atrophic gastritis, an
important precursor of gastric carcinoma (8-11). However, few
studies have considered both CagA and pepsinogen status
when investigating the relation between H. pylori infection and
gastric cancer.

We aimed to estimate the magnitude of the risk of gastric
cancer associated with H. pylori infection by conducting a large
case-control study nested within a prospective cohort. We also
aimed to consider possible effect modification by the CagA
status of H. pylori. Serum pepsinogen status, as a marker of
atrophic gastritis, was also considered to see its effect on
developing gastric cancer and how the severity of atrophic
gastritis affects the relation between H. pylori and gastric
cancer.

Materials and Methods

Study Population. The Japan Public Health Center
(JPHC)-based prospective study on cancer and cardiovas-
cular diseases (JPHC Study) was established in 1990 for
cohort I and in 1993 for cohort II; part of the study was
reported elsewhere (12-14). The JPHC Study was approved
by the institutional review board of the National Cancer
Center (Tokyo, Japan).

Cancer Epidemiol Biomarkers Prev 2006;15(7). July 2006
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Cohort I of four PHC areas (Ninohe PHC area of Iwate
Prefecture, Yokote PHC area of Akita Prefecture, Saku PHC
area of Nagano Prefecture, and Chubu PHC area of Okinawa
Prefecture) and cohort II of five PHC areas (Mito PHC area
of Ibaraki Prefecture, Nagaoka PHC of Niigata Prefecture,
Chuo-higashi PHC of Kochi Prefecture, Kamigoto PHC of
Nagasaki Prefecture, and Miyako PHC of Okinawa Prefecture)
were used in the present analysis. The study population was
defined as all inhabitants in the study areas (27 cities, towns, or
villages in nine PHC) and ages 40 to 59 years in cohort I and
40 to 69 years in cohort II at the baseline of the survey. A
subcohort in Suita City that was set up by the National
Cardiovascular Center was also added. As a whole, a
population-based cohort of 61,009 men (27,062 in cohort I
and 33,947 in cohort II) and 62,567 women (27,436 in cohort I
and 35,131 in cohort II) was established.

Baseline Survey. In 1990 for cohort I and in 1993 to 1994 for
cohort II, subjects were asked to reply to a lifestyle question-
naire covering sociodemographic characteristics, medical
history, smoking and drinking habits, and diet. A total of
99,808 (81%) subjects, 47,525 men and 52,283 women,
responded to the questionnaires.

A total of 10 mL blood was provided voluntarily by subjects
during their health checkups. The plasma and buffy layer were
divided into four tubes each holding 1.0 mL (three tubes for
plasma and one tube for the buffy layer) and stored at —80°C.
The blood was collected from 1990 to 1992 in cohort I and from
1993 to 1995 in cohort II.

We excluded subjects with a self-reported cancer at baseline
(n = 2,136), subjects who were not Japanese (n = 18), and
subjects who had already moved away at baseline (n = 11),
which left 46,803 eligible men and 50,841 women. Among
them, 13,467 (29%) men and 23,278 (46%) women donated their
blood samples at baseline and were included in the study.

Follow-up and Identification of Gastric Cancer

Death and Relocation. Subjects were followed from January 1,
1990 to December 31, 2004 for cohort I and from January 1,
1993 (1994 for Tomobe Town) to December 31, 2004 for cohort
II. In Japan, all death certificates are submitted to a local
government office and forwarded to the PHC in the area of
residence. The changes in residency status, including death,
were identified annually through the residential registry in
each area. Among study subjects, 6,133 (6.3%) had relocated,
6,035 (6.2%) had died, and 82 (0.08%) were lost to follow-up
within the study period.

Cancer Registry for JPHC Study. Newly diagnosed cases of
cancer were collected through two data sources, one from local
major hospitals and the other from population-based registries
(usually prefecture-wide). Candidate patients were linked by
name, address, and date of birth and entered in the cancer
registry for the JPHC Study when the date of birth and
residence fulfilled cohort inclusion criteria.

Identification of Gastric Cancer and Selection of Control Subjects.
Cases of gastric cancer were extracted from the cancer registry
for the JPHC Study based on site [International Classification of
Diseases for Oncology (ICD-O) code C160-169; ref. 15]. Among
1,681 cases with a histologically proven diagnosis made from
1990 to 2004 for cohort I and from 1993 to 2004 for cohort II,
as of July 2004, plasma at baseline had been obtained from
512 cases.

Until quite recently in Japan, the upper third of the stomach
has been called the “cardia” based on the guidelines for gastric
cancer classification (16). Because it seemed difficult to
distinguish a so-called cardia, which is located mainly in the
esophagogastric junction, from the upper third of the stomach,
we combined tumors at these sites into one group for analysis
in this study (ICD-O code C160-161). A tumor located on the

lower side of the stomach was classified as distal gastric cancer
(ICD-O code C162-167). Those subsites that could not be
classified because of a diffuse lesion (ICD-O code C168) or
those with no information (ICD-O code C169) were catego-
rized as an unclassified subsite. Histologic classification was
based on one of the author’s (S.S.) review, in consultation
with a pathologist, of the record reported by each hospital. The
subdivisions were made based on a classification derived by
Lauren (17).

For each case, we selected one control matched for gender,
age (13 years), study area, blood donation date (+2 months),
and fasting time at blood donation (+£5 hours). The final
analysis included 511 sets each of 511 cases and 511 controls,
excluding 1 case with technical error in H. pylori antibody
measurement and the matched control.

Laboratory Analysis. IgG antibodies to H. pylori were
measured with a direct ELISA kit (E Plate “Eiken”” H. pylori
Antibody, Eiken Kagaku Co. Ltd., Tokyo, Japan). Levels of IgG
were categorized as seropositive and seronegative for H. pylori
according to a selective cutoff value (492 nm). Using the same
kit, Fujioka and Tokieda reported the sensitivity and specificity
of the kit with respect to cell culture and rapid urease test in
70 Japanese subjects and the value was 100% and 80.0%,
respectively (18). These values were highest among other
commercially available kits. Furthermore, the values reported
by the assay supplier was 100% and 93.8%, respectively.
Assays of CagA were done with the use of an ELISA Kkit, in
which horseradish peroxidase was used as enzyme tracer
(CagA IgG EIA, Sceti Co. Ltd., Rome, Italy). During the first
incubation, the sample anti-CagA IgG antibodies, if any, are
bound to the CagA antigen-coated wells. A second antibody
(anti-human IgG conjugated with peroxidase) will bind to the
CagA-antigen-antibody complex. The specificity and sensitiv-
ity were reported in the protocol of the kit by the assay
supplier with respect to a Western blot assay, and the result
was 100% and 93.7%, respectively. Serum levels of pepsinogen
I 'and II were measured by two-step enzyme immunoassay by
using commercial kits (E Plate “Eiken” Pepsinogen I, Eiken
Kagaku) and (E Plate “Eiken” Pepsinogen II, Eiken Kagaku).
Results were defined as “atrophic”” when the criteria of both
pepsinogen I levels <70 ng/mL and pepsinogen I/1I ratio <3.0
were fulfilled (pepsinogen index +, ~3+). Miki et al. (19)
reported that the values measured by the same kit showed a
good correlation (correlation coefficient 0.983 for pepsinogen I,
0.991 for pepsinogen II, and 0.935 for pepsinogen I/II) with
those measured by RIA (pepsinogen 1/II RIA-BEAD, Dinabot
Co. Ltd., Tokyo, Japan), in which a sensitivity of 70.5% and a
specificity of 97.0% for atrophic gastritis, compared with
histology, have been reported (20). These criteria have been
applied widely to mass screening for gastric cancer in Japan
(18). Among atrophic cases, more severe cases with a
pepsinogen I level <30 ng/mL and pepsinogen I/1II ratio <2.0
were defined as pepsinogen index 3+, whereas cases with a
pepsinogen I level <50 ng/mL and pepsinogen I/1I ratio <3.0
but excluding pepsinogen 3+ cases were defined as pepsino-
gen index 2+. Pepsinogen I level <70 ng/mL and pepsinogen
I/1I ratio <3.0 but excluding pepsinogen index 2+ and 3+ cases
were defined as pepsinogen index +. All measurements were
conducted by a person blinded to the case-control situation.

Statistical Analysis. X test or one-way ANOVA were used
to calculate the P for difference between cases and controls
(Table 1). Matched odds ratios (OR) and 95% confidence
intervals (95% CI) were calculated to indicate the relationship
between H. pylori infection or pepsinogen index and the risk of
gastric cancer. Multiple conditional logistic regression analysis
was conducted to control for potential confounding factors,
such as smoking status, consumption of fish gut, green-yellow
vegetables, other vegetables, fruit, green tea, body mass index,
and family history of gastric cancer. Smoking status was
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Table 1. Baseline characteristics of cases and control

subjects

Cases Controls P for

(n =511) (n =511) difference*

Age (matching factor) 57.4 (0.32) 57.4(0.32) 1.00
Male (matching factor; %) 66.8 66.8 1.00
Current smoker (%) 35.7 30.3 0.06
Alcohol drinking, 1+ d/wk (%) 50.8 50.2 0.85
Body mass index 23.0 (0.13) 23.4(0.13) 0.02
Family history of 119 7.8 0.03

gastric cancer (%)

NOTE: Numbers are mean (SE) unless specified otherwise.
*x? test or one-way ANOVA.

divided into current or noncurrent smokers. The frequencies
of consumption of each food and body mass index were
categorized into three groups so that each category included
an equal number as possible of controls. Family history of
gastric cancer was regarded positive if at least one of their
parents or siblings had gastric cancer. Because adjustment for
confounding factors did not alter the results essentially, only
adjusted ORs are listed in the tables. Trend was assessed by
assigning ordinal values for categorical variables. To express
the effect of the combination of H. pylori infection with either
CagA or pepsinogen status on occurrence of gastric cancer
among this population, we estimated the population attribut-
able fraction (PAF; %) as follows: Pr(OR — 1) / OR, where Pr is
the proportion of cases exposed to the factor and OR is the
adjusted OR (21). The PAF (95% CI) was estimated by the
formula of Greenland (22). Reported Ps were two-sided, and
all statistical analyses were done with the use of the SAS
software version 9.1 (SAS Institute, Inc., Cary, NC).

Results

Baseline characteristics are shown in Table 1. Cases had a
lower body mass index and more family history of gastric
cancer than controls. In addition, these differences were
statistically significant. Other variables, including matching
variables, did not significantly differ between cases and
controls.

Adjusted OR of gastric cancer associated with H. pylori IgG
seropositivity was shown for all subjects and by stratification
with gender, age at baseline, duration between blood donation
and cancer diagnosis, tumor location, and histologic type
(Table 2). H. pylori IgG seropositivity was significantly
associated with an increased risk of gastric cancer; adjusted
ORs and 95% Cls were calculated as 5.1 (3.2-8.0). PAF (95% CI)
for H. pylori IgG seropositivity was calculated as 75.2%
(63.3-83.2%). The OR for H. pylori infection was large in men
compared with women; however, the 95% ClIs overlapped
widely. H. pylori infection seemed to be more important in
young subjects (40-49 years) than in older subjects (=50 years).
OR tended to decrease for gastric cancer when the duration
between blood donation and cancer diagnosis became longer;
the matched ORs (95% CIs) of H. pylori infection for the
duration 0 to 4, 4 to 8, and >8 years were 7.4 (3.4-16.2), 4.9
(2.2-10.9), and 4.5 (1.8-11.4). This result did not differ when the
tumor was restricted to the distal part of the stomach. H. pylori
infection was associated with the development of gastric
cancer located in the distal portion of the stomach, whereas
a statistically significant association was not observed for
cancer in the upper third of the stomach. Some 104 cases,
which correspond to 20% of the total number of cases, could
not be classified by subsite because of diffuse lesion (1 = 16) or
no information (n = 88) and further analysis was not restricted
to distal gastric cancer. When the cases were separated by

histologic type, the association was statistically significant for
both differentiated-type and undifferentiated-type gastric
cancers. Although the 95% ClIs greatly overlapped, the ORs
were larger in the differentiated type than in the undifferen-
tiated type.

Table 3 shows the proportion of cases and controls defined
as positive for H. pylori CagA seropositivity or pepsinogen
index alone and their combination with H. pylori IgG antibody
together with the matched ORs (95% ClIs). PAF also was
calculated for each combination group of CagA, pepsinogen,
and H. pylori IgG. CagA seropositivity was associated with
a statistically significant increased risk of gastric cancer as well
as H. pylori IgG seropositivity, although the magnitude was
different; adjusted OR (95% CI) was calculated as 1.5 (1.1-2.1).
When IgG-based H. pylori and CagA were combined, a
statistically significant >3-fold risk was observed among those
who were H. pylori IgG negative but CagA positive. However,
PAF (95% CI) for this group was calculated as only 3.6%
(1.1-6.1%). When this group was excluded from the H. pylori—-
seronegative group, the OR (95% CI) for H. pylori infection was
calculated as 11.4 (4.4-29.2). Among the H. pylori—seropositive
group, the OR for CagA-negative group was 9.5, whereas the
value for CagA positive was 12.5. When the H. pylori IgG-
seronegative and CagA-positive group was included in the
H. pylori—seropositive group, the OR (95% CI) for H. pylori—
positive and/or CagA-positive group to develop gastric cancer
was calculated as 10.2 (4.0-25.9).

The overall risk (95% CI) of having a pepsinogen value
indicative of atrophy was calculated as 3.8 (2.7-5.4). ORs were
shown by pepsinogen index (—) (~3+) according to the
severity of atrophic gastritis and the risk increased further with
pepsinogen levels, reflecting more severe gastritis (P < 0.0001).
When H. pylori infection and pepsinogen status were com-
bined, H. pylori—negative subjects with pepsinogen status
indicative of the atrophic gastritis group showed a statistically
significant association with gastric cancer; the adjusted OR
(95% CI) was 4.9 (2.0-12.1). However, the PAF (95% CI) was

Table 2. Adjusted ORs (95% Cls) of developing gastric
cancer for all subjects with H. pylori IgG seropositivity and
with stratification by several factors

No. H. pylori—positive  Adjusted OR*

cases/controls (95% CI)

All subjects (511 pairs) 478/383 5.1 (3.2-8.0)
Gender

Men (342 pairs) 327/259 6.8 (3.6-12.6)

Women (169 pairs) 151/124 4.6 (2.1-9.9)
Age at baseline (y)

40-49 (77 pairs) 72/52 7.0 (1.8-27.4)

50-59 (235 pairs) 220/180 44 (2.2-8.7)

60-69 (199 pairs) 186/151 5.4 (2.5-11.6)
Duration between blood

donation and cancer

diagnosis (y)

0-4 (205 pairs) 190/144 7.4 (3.4-16.2)

4-8 (181 pairs) 170/141 4.9 (2.2-10.9)

>8 (125 pairs) 118/98 45 (1.8-11.4)
Tumor location

Upper third of stomach, 37/33 3.7 (0.2-68.4)

including cardia (39 pairs)

Distal portion of stomach 344/274 5.1 (3.0-8.6)

(368 pairs)
Histologic type

Differentiated type 281/223 5.8 (3.1-10.8)

(299 pairs)

Undifferentiated type 149/122 5.1 (2.1-12.3)

(159 pairs)

*Matched for age, gender, resident area, blood donation date, and fasting times
at blood donation. Adjusted for smoking status, consumption of fish gut,
green_yellow vegetables, other vegetables, fruit, green tea, body mass index, and
family history of gastric cancer.
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Table 3. Matched ORs (95% Cls) for association of gastric cancer with CagA strains and pepsinogen index alone and in

combination with H. pylori 19gG

No. cases/controls

Adjusted OR* (95% CI) PAF (95% CI), %

CagA status

CagA (-) 121/153
CagA (+) 390/358
H. pylori (IgG) and CagA combined
IgG (—) and CagA (-) 6/51
IgG (—) and CagA (+) 27/77
1gG (+) 478/383
IgG (+) and CagA (—) 115/102
IgG (+) and CagA (+) 363/281
IgG (+) and/or CagA (+) 505/460
Pepsinogen status
Pepsinogen index (—) 92/216
Pepsinogen index (+) 21/18
Pepsinogen index (2+) 171/141
Pepsinogen index (3+) 227/136
Pepsinogen index (+, ~3+) 419/295
H. pylori (IgG) and pepsinogen index combined
IgG (—) and pepsinogen index (—) 16/108
IgG (—) and pepsinogen index (+, ~3+) 17/20
IgG (+) 478/383
IgG (+) and pepsinogen index (—) 76/108
IgG (+) and pepsinogen index (+, ~3+) 402/275
IgG (+) and/or pepsinogen index (+, ~3+) 495/403

1.0
1.5 (1.1-2.1)

1.0
3.2 (1.19.0)
114 (4.4-29.2)
9.5 (3.6-25.0)
12.5 (4.8-32.5)
10.2 (4.0-25.9)

3.6 (1.1-6.1)

20.1 (15.7-24.4)
65.4 (57.5-71.8)
89.1 (73.4-95.6)

1.0
3.2 (1.5-7.0)
3.3 (2.2-4.8)
46 (3.1-6.9)"
3.8 (2.7-5.4)

1.0
49 (2.0-12.1)
7.9 (4.5-14.0)
42 (2.2-8.0)
10.1 (5.6-18.2)
7.6 (43-134)

2.6 (1.0-4.3)

11.3 (7.4-15.1)
70.9 (63.6-76.7)
84.1 (73.1-90.6)

NOTE: Pepsinogen index (—), pepsinogen I >70 or pepsinogen I/II ratio >3; (+), pepsinogen I <70 and pepsinogen I/1I ratio <3, excluding pepsinogen index 2+ and 3+;
(2+), pepsinogen I <50 and pepsinogen I/1I ratio <3, excluding pepsinogen index 3+; (3+), pepsinogen I <30 and pepsinogen I/II ratio <2.

*See footnote in Table 2.
P yrena < 0.0001.

calculated as only 2.6% (1.0-4.3%). When this group was
excluded from the H. pylori—seronegative group, the OR (95%
CI) for H. pylori infection to develop gastric cancer became
7.9 (4.5-14.0). When this type of H. pylori—negative subjects
with pepsinogen status indicative of atrophic gastritis grou
was added to the H. pylori —positive group, the OR (95% CI) for
H. pylori—positive and/or pepsinogen-positive group to
develop gastric cancer became 7.6 (4.3-13.4).

Discussion

To our knowledge, this is the largest nested case-control study,
with >500 gastric cancer cases, to investigate the relationship
between H. pylori infection and the subsequent risk of gastric
cancer. The largest previous investigation of the kind was a
Norwegian study that included only 208 gastric cancer cases
(23). Including the Norwegian study, 12 studies were needed
to pool 1,228 gastric cancer cases and to estimate the pooled
OR of H. pylori infection for developing gastric cancer (1).
Although the interpretation of a pooled analysis of several
studies from different countries with different study methods
may be limited, a carefully designed, single, large study may
contribute significantly to solving the question of whether
H. pylori infection induces gastric cancer. Our study showed a
5-fold elevated risk of gastric cancer for H. pylori infection
determined by IgG antibody. According to the 12 case-control
studies nested within prospective cohorts, the OR (95% CI) of
H. pylori infection ranged from 1.50 (0.70-3.22) to 6.0 (2.1-17.3)
and the pooled OR (95% CI) of these estimates was calculated
as 2.36 (1.98-2.81; ref. 1). The largest OR among these studies
was 6.0 in a study of Japanese American men living in Hawaii
(24). In our study, the OR (95% CI) for men [6.8 (3.6-12.6)] was
larger than even the Japanese American study. Only a few
prospective studies have shown an association between
H. pylori infection and gastric cancer for men and women
separately. During 9-year follow-up in a prospective cohort
study conducted in Japan, 67 gastric cancer cases were
identified and the adjusted relative risks (95% CI) for H. pylori
infection were calculated as 2.90 (1.14-7.38) for men and 1.01

(0.34-2.97) for women (25). On the other hand, Parsonnet et al.
(26) showed that the OR (95% CI) of H. pylori infection was
2.0 (0.9-4.5) for men among 76 pairs and 18.0 (2.4-134.8) for
women among 33 pairs. However, the 95% Cls are large
because of the small numbers of subjects, making it difficult to
interpret the results precisely. The different ORs of different
age groups were in line with previous studies, which showed
higher OR for the young subjects (23-25, 27-30). The effect is
reduced in older subjects presumably because of increased
seroprevalence among the older controls and little change in
the seroprevalence among cases with age. In our study, ORs
for H. pylori infection decreased as the follow-up time
increased. Previous pooled analysis showed an association
between an increasing time interval between sample collection
and cancer diagnosis and a higher OR (1), although this
association has not been seen in some individual studies
(27,28, 31). If gastric cancer is diagnosed only a short time after
blood donation, it is hypothesized that the disease already
would be in an advanced stage with gastric atrophy, which
favors the loss of H. pylori infection and would lower the
association between H. pylori infection and gastric cancer (32).
However, several studies indicate that many subjects may still
be seropositive in spite of the presence of atrophic gastritis
(33-35). The OR for pepsinogen index also declined as the
duration between the blood donation and cancer diagnosis
increased (data not shown). The stronger association at
relatively short follow-up times of pepsinogen index as a sign
of atrophic gastritis can be understood on the basis that
advanced atrophic gastritis is closely associated with gastric
cancer. Previous studies have shown an increased risk of distal
gastric cancer for H. pylori—seropositive subjects compared
with seronegative subjects, whereas no association was
observed among upper third gastric cancer (25-27) but not all
(23, 36, 37). The discrepancy in results between studies may,
to some extent, be due to different levels of misclassification of
cardia cancers, such as the recent introduction of a separate
diagnostic code, the lack of consensus for a definition of cardia,
and an increased interest in cardia cancers (38, 39). The
definition of cardia cancer (upper third) was more inclusive
than most definitions used outside Japan and would include
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an unknown proportion of what others would categorize as
noncardia cancers. This will dilute any cardia-specific risk
associations. The similar estimated risk by histologic type is in
line with most of the previous studies.

Antibodies to CagA remain longer after H. pylori eradication
than surface antibodies detected by conventional IgG ELISA
(7). Thus, several studies recommend using both H. pylori
IgG antibody test and CagA seropositivity to define H. pylori
infection appropriately (36, 40-44). H. pylori—seronegative
group with CagA positivity showed a statistically significant
3-fold risk of gastric cancer. When subjects in this group were
further divided by pepsinogen status, the OR (95% CI) for
those having a pepsinogen index indicative of atrophic
gastritis was elevated to 10.2 (2.8-37.5), whereas the value for
those having a pepsinogen index indicative of normal mucosa
was 2.0 (0.7-6.2). This indicates that among this group those
with developed atrophic gastritis are strongly associated with
gastric cancer development. In dealing with the false-negatives
for H. pylori status, we excluded the H. pylori IgG-seronegative
and CagA-positive group from the H. pylori—seronegative
group or added this group to the H. pylori —seropositive group.
Then, the OR of H. pylori infection to develop gastric cancer
was doubled to ~ 10 by either approach. This means that, even
in a prospective study followed for >10 years like this, the
effect of H. pylori infection might be underestimated by a
single test of H. pylori IgG.

Although CagA was effective to define the false-negative
group of H. pylori infection, its effect modification among the
H. pylori—positive group was not as marked as expected.
Accumulating evidence indicates there is an association
between clinical outcome and genotype of the CagA patho-
genicity island as well as CagA serology in Western patients
but not in Japanese patients (45-47). However, a recent case-
control study (48) conducted in Japan showed a >13-fold risk
of noncardia gastric cancer for both H. pylori IgG- and CagA-
positive subjects compared with subjects who are negative for
both. Furthermore, Tatemichi et al. (49) investigated ethnic
differences of CagA serology in two sets of case-control
subjects, Japanese Brazilians and non-Japanese Brazilians; the
CagA antibody also was found to be a useful marker for
gastric cancer in Japanese subjects. Nevertheless, numerical
results from studies using different antigens and different
protocols may not be comparable, and Yamaoka and Graham
pointed out that serologic tests yield a lower estimate of CagA
status than PCR or immunoblotting of H. pylori isolates (50).
They also examined the reliability of the serum anti-CagA
antibody assay using four different tests and concluded that
none could be recommended for determining the CagA status
(51). Our measurement of CagA status was based on ELISA kit
from Sceti. Misclassification due to measurement tool and
assay performance may be inevitable. Thus, much caution
may be needed in interpreting the results regarding CagA
status.

The severity of atrophic gastritis indicated by the pepsino-
gen index was associated with gastric cancer with a significant
trend. In addition, for the combination of H. pylori and
pepsinogen status, subjects were further divided by the
severity of atrophic gastritis among H. pylori—seronegative
and pepsinogen-positive groups. More severe atrophy was
associated with a higher OR of developing gastric cancer. The
ORs for pepsinogen index 2+ and 3+ were 3.3 and 6.5,
respectively. Likewise, the severity was associated with a high
OR among H. pylori—seropositive subjects; the value for
H. pylori seropositivity and pepsinogen index +, 2+, and
3+ were calculated as 7.8, 8.7, and 12.6, respectively.

A recent prospective endoscopic cohort study showed the
combination of serum pepsinogen and anti—H. pylori anti-
body provides a good predictive marker for the development
of gastric cancer (52). Compared with “normal” pepsinogen
and negative H. pylori antibody group, the hazard ratios (95%

CI) of developing gastric cancer for normal pepsinogen and
positive H. pylori antibody group, atrophic pepsinogen and
positive H. pylori antibody group, and atrophic pepsinogen
and negative H. pylori antibody group were 1.1 (0.4-3.4), 6.0
(2.4-14.5), and 8.2 (3.2-21.5), respectively. In addition, a case-
control study conducted in Japan showed the largest OR of
gastric cancer in the positive pepsinogen and negative H.
pylori infection group compared with other combination
groups (53). In our study, although a statistically significant,
~5-fold risk of developing gastric cancer was observed
among those who were H. pylori IgG-seronegative and
pepsinogen-positive, the PAF (95% CI) was calculated as only
2.6% (1.0-4.3%).

One of the disadvantages of the present study is that the
diagnosis of atrophic gastritis is based on a serologic rather
than a pathologic test. The reported sensitivity was not high,
so there may be misclassification of pepsinogen status.

Our study subjects are restricted to those who participated
at the baseline health checkup survey. Among 97,644 eligible
subjects of the JPHC Study cohort, 36,745 (38%) men and
women participated in the survey and provided blood
samples. As reported previously, when compared with
nonparticipants, participants in the health checkup survey,
especially women, had a different socioeconomic status and
a favorable lifestyle profile, such as smoking less, participat-
ing in more physical exercise, and eating more green
vegetables or fruits (54). This finding means that caution is
needed in generalizing or interpreting the results in this
report.

In our study, a 5-fold elevated risk of gastric cancer was
observed for H. pylori infection determined by IgG antibody.
Assuming all CagA-positive subjects are true H. pylori
positives approximately doubled this risk. The large PAF
relating H. pylori infection and gastric cancer also indicates
that controlling infection might prevent gastric cancer.
However, whether eradication of H. pylori is the best
approach remains to be seen. The best timing for treatment
is not known with certainty (55, 56), and as only a limited
number of people with H. pylori infection develop gastric
cancer, indiscriminate eradication may not be a practical, cost-
effective approach. Subjects with pepsinogen levels indicative
of severe atrophic gastritis may need careful examination
regularly regardless of H. pylori infection. Those who have
other pepsinogen levels but who test seropositive for H. pylori
infection are likely to benefit from H. pylori eradication
therapy. Considering both the cost and the potential for
misclassification that may occur using multiple serologic tests,
caution is needed in interpreting or extrapolating these
findings into a screening strategy.

Appendix Notes
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H. Uchino, Y. Shirai, T. Kondo, R. Sasaki, Y. Watanabe, and
Y. Miyagawa (Nagano Prefectural Saku PHC, Saku); Y.
Kishimoto, E. Takara, T. Fukuyama, M. Kinjo, M. Irei, and H.
Sakiyama (Okinawa Prefectural Chubu PHC, Okinawa); K.
Imoto, H. Yazawa, T. Seo, A. Seiko, F. Ito, and F. Shoji
(Katsushika PHC, Tokyo); A. Murata, K. Minato, K. Motegi,
and T. Fujieda (Ibaraki Prefectural Mito PHC, Mito); K. Matsui,
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2) ERIZEREGDE D,

3) I /NS LKVIAAR, arT o —L X %a EFEE, HEFKD %
EEEARMEICHE B SE 5,

4) RO AR ORLHBIC WG SIR, (R BEa T — L XD
DHLOEAZERILHLRICBEI SIS, (Z0EE, KU ZHRAICHN T
T DL L)

5) BT 57-0I1C, HIFKY 2R L o XOGEFIZANMET DR £ TIAT 5,

@000

I 0 2 fE T 5 BLEFL Y 2 Ll R D %M 5
BT 5

6) XL v ROMERMIZ, 2T —KY 2 FE4 5,
XL XD O X 0.7~0.8 = a T oY —L 2 XOBEKY
RV XA LT, arT o —iR 0 1§ AR

) e

L > XOBE . | | wane
PRI =
omE i w2 07 Y—OEE
IR Ll |
HS—2—F TR e it AR
(EEETER) L LA e
ﬁ@jﬁ%ﬁi AN=HZR l ) e—UavFAL
RO® ! CRSA AT



EE1 RNy rva¥iToy s EYE

R T 4 VAP E, S8 h—A2ZHWT, 2-6um(1-20 um) DJE
SWZHEYIT 5, 278 b—AIZiE, ARADERICEIE 7 vy 7 R LicEhE 7
MHEINAEA BERX) Oobolc 78 vy Y /IRH ) | AR IEE LT
a2y 7N LT oRiE LR D ETFICE Z ik Tns X (HEEX) obo
(23— A B3 D D,

BAERLILS AL TWAI 7 e h—AF2 78T BENEZHOWIUE 1-15um
DOUIARARETH D, FHAA (2 /7 —H) (TS 3O HEAR D & Heispy = e B A
(1020 pm) ZAFRS 2 DIZHE LTV 5D,

ABEIOEEFICHND 2 ZHRNTR-1 1IR3 L9 BT, (A)FIC A AZEE L,
B)ESIZ T vy 7 A THEET 5, i\ T, O) ZEHEET 5 2 LIk e (©) 2
ETFT 5, HUOEIIZE) OBHBKD THREREL, AAZEE LW ZRIEIEDS
ZEITRY, FTEDE DY/ ZEET 5,

UL LA O YO L F 24T D IR TO, EADOHSE, RHKERET HIER
[CHEHBEREBETH L, Higz b I L b EBEBRET L LER/RUITH D,
/8 b—2FMHWT5um (1-15um) (ZHEI LG/ &, KITEDLRTZE, D E
% (40-50°C) ZF, WP OIUIA T A K7 T R2FT <0 E D, 60°COMINE
NT1EFRILLE G@HE 1T 40°CREE T—Wh) Hof S 7o, — RGOk O
e, Yuta i HEE LT WS SEMR L R 21T ORI, HOTORY =
Vo a— R NLIEATA RTT AT 5,

M-1 277\ b—»Ah




EE2 ~vhFVVrFUURA

AN R eV (HE) Bl FEAERTORADEARLELRDLHEDT
& o TR FAIRFHI R TR W EaETH 5, EOYAREREIT, T~~~ b ¥
VU TERERIC, FIRE., Al X OSREMEEmE R Sl e At Y TREA O
RITHREEND, o, RMEKITBS RGET D, L > T, ZOYRGEITIEARD
ED LD 7N DR SN DD ERET DDA N L,

WO LT AR 2 R T 7 4 Uik, ~~ R XU U VIR L OV 4O PRI TG
BT 5,

[Hematoxylin Eosin ¥&fa (HE Juf)]
1) BANo7 1
XLy 545
XLy 547
L1045y
100% =% /—) 1~5%3
100% =% /—) 1~5%3
95%TH ) —)b  1~54y
90% % ) —)L 1~5%7
80% 7 /L 1— L 1~5 47
70% 7 )L 21— L 1~5 47
2) Kk
TAKVEE T ITARZ R 7275 5 5~6 [EYE 5
3) ~v hxvU L ()
<A Y —D~v b XY U ¥ 3~54
AT R Y ARICE VIR EE XD
4) K (AHL)

RS 10~20 5y BOHZBNPES N, FRITEAN T RED
AL K 2~44 KIIE. MR L ot
5) K%

RODOOR LTI TRRE (B - HREAT)
6) Wik (=AY D4RIE L OWLAK)
0%=x% ) —/)  1~3%
80% =X /) —/L  1~34%y
90%=TX /) —/)L  1~34%y
100% =% /—/L  1~3 %
100% =% /—/L  1~3 %



7) Zht Bk & O

FLrr 1~2 4y
IAR—AF L LU ERET 2 ) —AR T LU a2 AT 52 E 00 5)
A 3~5 4y
FLrr 3~5 74y
8) HIA
T T T = a—FDER AR E DTS N—H T A% NT 5
OKAFEARTERL)

%1 ~A¥—O~~ XU 9 (Mayer’ s Hematoxylin)
~v hFRUU & 1.0 g (fa58)
ElyE 7 al N RVN 0.2 g (E&fbAl)
M7 V=LY 50 g (HHEGL7i)

kT v — 50 ¢ (‘ZEH)
7 TR lg (%)
ARRK 1000 ml (V)

A~ MRV UBMREZAEKICANINBGERE L, i WNT 3 vEBERT U UL LR
TNI=U L) 2 AVTIRE L TENT, £0%, 7= Ueaks aT—zl
X5, BT Na— N BT, Sl 52t EDOEEAKE, AHLET S,
WRORTEITR 3 » H, iz, Carazzi, Delafield, Weigert, Heidenhain, Gill, Bohmer
SOUF NS5,

*2 FEosin &
1.0% AT YKEKR 25 ml
L0% 7% 2.5 ml
9%5% T X ) —)v 170 ml
(G517 1.5 ml



9) YAREIE BT~~~ XU U TEHA, MINE., AR, SEMammE X
TV UMRIZTHLA O SRS,

~< h%x U (Hematoxylin)

Hematoxylin campechianum O .03F DO F » 7 &K CTHiH ., Y 4 ——7 L T
fefhit 2, Ffidh L CRIE SN RREHK, ~~ MU ARt oy, m
T2 e~ FUBAEL, WD TABREICRINZ R OBEFEITR D,

~N2 R E Y UL OH ZF DT UIAERENL L AT 228, i< o T, i
R (@RI 5 ALY, Fe™) ZWINT5&, ~~F D O L&/ A AU DA A U
H L. N FUERKREAY, TRbLL—F2EET 5, L—FIThDd v T
YRV LEEEM (560nm) IZWRIUBKE LD, FEEETLH, ~v hX U OB
CHTFIE—RICEEMEAREOMEZ A L, MiNOA () ITHE L TV 5E 45O DNA
D P04*, S04%, C00 L ~v FF L U DALY L —F & A4 F U L TEEZYD D L
L TWb,

=AY (eosin yellowish)

BRREE, BEAETHLIZ AT U OBAFR S TIX, KEKERF TITA O ITREL,
FHRE T OIE () ITHFE L TW D ES &G 2 23, MRk RO R sy O | A E X E A
<, pH3. 575 5.5 IZHIE L TV D ERD A3\, JKEERE e & Dl (1) 2 /&N
A5 Z LK VMR E(E) ICHEL, AC) DAY LA F S L TEA
Aoy IR S B D,

MEMO




£H3 REEBCELRE

FIERARR LI, MR OB PR e Bl L OV L BRORER, RVE VR
EOREEER RGN — T D FETH Y | HiE L HREOFRREA N AIRETH 5.,
AR R ZER T 256 X7 7 4 OR B2 WA BIR HnH T %,
RT T 4 Y BERT AT, BEROMERE =X/ — Bk, 2L ICE
D%, NT7 7 4 AT 5, FO%, BT T g VK E AT 5, NT T o
7y ZIXEMRAFTE D, ZIRPUEE R LT 27D ORGERME & L CiE, H#0k
., BEHR, and RRERB 5,

72T H ABCIEIX, —IRPUER, B F AL ZRBARB L OH L UMM LT ©
- F R EE AR (Avidin—Biotinylated Enzyme Peroxidase Complex)
ZRWLHETH D, OFURIIRTT 5 —REUE LTI A ORR, @QEAF bk
PR ZENZ, —RPEROMNEICEASE D, @F BV -4 F ALiE#E D ABC HA
K (TevrledF ALlEEY Y ENAF X —BDOEAKR) 2Nz, BT
L ZRPUE &G, OFFEIREREIR GREE(LKFEINT T X 7 XY (H,0, - DAB))
EDRINZ Lo ThEB SN, PURORIELZ Al (Bf) 325, ZhidEcileasEy
TRV BB EPBERIERIC LY 20 FOKEDTI IRV E
720, SHICEALTINPBILNRER AL Z L, AfloBemzmmT s LI
E5bDThHD, “KHUKOEGKICEAF > (biotin: BX IV BHEAKD—OT,
INEICHFET 27 BV WD Z R BITRE N ORENZHEEGT ) 2050
. ZOEFF U, TEDVVEMBEOEGREHEGSELT LT, k1 4
VICHEET 2HEOEPHE L, REEICRETEL2NLTHD,

MR A AR
XLV
X J—)L:100%. 95%. 90%. 80%. 70%
- 3%IRER{LAKSE A F ) — VAR - R bkFE (30% (w/v))
Uy 77— (PBS)
-7y XA (10% Y FEFLE ; =F L A)
< L IRBUAK : ARl FEE TIEPL Cystatin CHLIE = AW D
c B TF R CIRGUR - B TF ALY YR IgG ik (=F L A)
c PEHRIE UL AR HF-PHRP) A R L AT EY Y (=FLA)
cFEHE CDAB (T I RUTUVY) Fu b
(R A) DAB JFR
(FA3E B) #RMER
(AL C) AVEREK (EIRbK=EK)
XYL (v A v~ R U U IRTR)
CEHAA (T T =ma—Tp )



ABOFEBFTIE, &HZbIAS HWSHILTU S Streptavidin — biotin peroxidase
complex (S-ABCE) #4179,

Streptavidin — biotin peroxidase complex (S—ABC {£&)
1) WiNZ 74 1%, KBE (HE Qe DIES M)
2) PAP-PEN (Z Tk o & PH 2 P e
3) PBS 2~3 47
LI, MfkZ ST nr oz, MEEN TSI D
4) 3% KR A Z ) — VIR 10 43

5) PBS 24y X3 [H]

6) 10% IE & M5 10 43

7) —&kEuik (HROHUK) 60 75 (=i&)

8) PBS 357 X3 [

9) BT AL kPR 10 5y

10) PBS 357 X3 [

11) HRP A=A L7 R T B 54y

12) PBS 357 X3 [

13) DAB solution 5~10 5y (BAMEE T TS Z MR+ %)

14) KK (BONMEIEE %) 5~6[E LT 5,

15) ~~ hF U UERFATF LT — TS 30~60 B
16) AL (EK) 5~10 53

17) 7=k, @, BN (HE B nHES )

DAB solution
DAB 20mg
0.05M Tris Buffer (pH7.6) 100ml
bR A L IRFfE, @R bkEKH0,) & 1Tul A, BAZE®R L TELICEHT 5,

E1) ShEiIdflobiEszHns, (BEORELH D)
£ 2) DABIZENAMWE THHDOT, HHIZEL I FREEHT 5,



BEFH : 2oL Vo faEOFIREZ L TITRT,

[AZAN %:a]
) BT 740y (FLL -1 7va—L FERS)
2) Ik
3) DWZ&iET
4) T HIINIG 56-60C 30~60 4y ki1
5) =iE (WA 10~30 4y

6) DW THE < Jk¥E

7 T=U T Aa—LTHE R k2

8) M7 /L a—/L 1~2%y (T=U &8 0nWED) *iE3

9) DW THE < Kk

10) 5% U &Y 75 U EEK 1~3 IR 3 — ik
(VB T AT UEETH )

11) DW T < K ¥E

12) 7=V F - AL 26 1 RFf k734

13) DW C/K¥E

14) #t7 Lz — L TH R - Bk

15) ¥ v 1, I, M 455

16) =77 ==2—THA

H1) 7Y H26 0. 1g 27K 100ml (22> L, HElE Iml 2 N2 5,

HE2) 7=V rN0.1%I272 5 L9 95%=F LT )La— Lz b

E3) M7 a—VICHEBEE 1%I27D KO MZ D,

H4) 7=V rHE0.5g, AL YG 26, JKEEEE Sml 12 DW 100ml & A0z, Fik.
A, T D, AR, ZOREE 2 f53U0E3 5ED DV THRT 5,

MEMO




GIEEAEEN |
[EE : 10% kL~ v
1) WEEEI E 3 S F o ms e A
2) AR TRE S KBE
3) 1%KER{bA ) 7 LK By
4)  ZREEKTAKBE
5) 40~60% 7 /L1 —/)L BT (U EELHRE)
6) Sudan IIT 70%7 /L =t— LEAFNEARL * 1 1
37°C 40 53/ 5 1 KEfH
7)) 40~60% 7 T —/L TS (oI tika i & 3)
8) KIZET
9) B - ~A ¥ —D~~ FEx T 35N
10) L - Wik 10 %>
1) Z7VkVy, 7V Y - BIF U ETEA
1) 70%7 /v a—ZAd LIRIED K S < HUMT Sudan 11T (2g/100ml #2JE) %

A, #R%., B L CT50~60CIZ —BhE & 02 fafn L7k a2 >< b,
Yk I8 L Tond AV g,

[PAS #fa]
) BT 7400 (FLLr -1 7va—L FERS)
2)  VEAKE 2~3 %y (WE[#EEST)
3) Ak - 0.5%8 3 URBKEK 547 kiEl
4) e - FERUKOK T 153 X2 [H]
5) B - vy 7k 154y * 12
6) Ve - ARmERK 34y X3 A %3
7) bR - BiiKBE 34y
8) Kt - ~A Y —D~~ XU Y 300 (DEEHEL)
9) L - K 5~10 4y
10) Wik « 7va—v EF RS % 3~5%)
11) &t ¥ o1~ %54

12) =75 T =a2—TEHA

1) HIO, 0.5g, DW 100ml, fE[ECHFHT 22 &,

# 2) Hot Schiff & Cold Schiff 238 52 Cold Schiff (Lillie) ZHEdE,

HE3) 10%EAERNET kU v A0k 6ml, IN HEf& 5ml (2 DW10OmL 2% 5,
FEECHTIR 2 A3 L,



[FESREE (FELE)]
D Bk 7 40y (F2L> -1 - TaAa—L FRERS))

2)  PiAKYE 2~3 5y (R§fEiEe~T)
3) 0.5%E~ WY 3457

4) Kb — ZEEK

5) 2% = TR 247

6) Kk 10 57

) FREKEET

8) 2%®kI 3 v/ LK 50 B

9) Kk 5%

10) Z&KE7K T 2 [BI%E S %257

11) 7 voE=7 ik 204y *iE1
12) /=% —n 1R

13) 1EICIK 157 ®7E2
14) K — ZKEK

15) 0. 2% b4 1 B

16) 7&¥EK 547

17) 2% = vz 557

18) 7Kk 5%

19) 788K 3457

20) 5% FAMEET U T LTS5

21) Kk 15 4%
22) WK, &ML L

23) =77 =a—THA

W1l) 7TUE=T IR : 10%REERETE 10ml (2 4% KE{t V) 7 4 bml 20Nz %,
HEEOOILEYE L<IBE LN L T VE=T K TENT,
SERICBRHIZAR 2 EATTRD 5,

H2) B AL~ 2 Iml, 2%8k X 3 U N 2ml ISR K Z AT 100ml &5 5,

B2EXF

Pelp S MRRSAPTIEE B 6 AR PEILEL, 1981

BEIG KA F AR B R - R ERE AR OMED 7 el EFERL. 1986
TRELEAN IR« PEEEADIEY J7 %5 LAl 3OEH:, 1992
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How to make good use of the databases of gene information

T B & AR (EBRSE Xty #—)
Takahiro Isono (Central Research Laboratory)

b N7 LETEICE Y b FOS ) DO IERYDMEDE S AL, Z OB A
FEEE L UEATMENEZEAIITOILTWD, HEX, BEEERcEENS
B R B ERENIRNT CE D7 0T A I 7 AT #1To TR, ZORIZZDS
J BMEREERA LT D, FTOmNE LT, BEXKENC X - CREMilE CRENO
EHLTNDLX LRI EODARy b REGI LT, BESHFZ2HVWTHEDL
Nllfdz, BoriHHTr — 44— _X—2ZHWTHRKELFEET S L WH Z LIl d,
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B LTV Z&IZe D,

AHHETIE, ERFEE IR X —1ChDRIE 0~ N 7T 7« 2 7 AR RS T
7t (LC/MS/MS:Thermo Fisher LCQ) THELMNHERND, A ¥ —F v N TERRICEIR
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In this lecture, all slides are presented in English.

English questions are acceptable at the end of this lecture.
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ilaman Genome Projeci

http://www.ornl.gov/sci/techresources/

Human_ Genome/home.shtml?vb
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Protein Identificationﬁ

(® Peptide Mass Database

O b S e I'Ve d Table 1. Peptide map of mature PSA digested by trypsin

Fragment Amino acid sequence

NH2-IVGGWECEK/

HSQPWQVLVASR/

GR/

AVCGGVLVHPQWVLTAAHCIR/

NK/

SVILLGR/
HSLFHPEDTGQVSHSFPHPLYDMSLLK/
NR/

d
2344.72

"Ta o o0 o0

m FLRPGDDSSHDLMLLR/
2460.68 LSEPAELTDAVK/
: g VMDLPTQEPALGTTCYASGWGSIEPEEFLTPK/
3496.00 K
i LQCVDLHVISNDVCAQVHPQK/
187255 +m K VTK/
2589.89 FMLCAGR/

WTGGK/
STCSGDSGGPLVCNGVLQGITSWGSEPCALPSLYTK/
VVHYR/

K/

WIK/

DTIVANP-COOH

cmw-oBvOo3g—x—

estimated

Fragment Amino acid sequence
NH2-IVGGWECEK/
HSQPWQVLVASR/

Low mass
AVCGGVLVHPQWVLTAAHCIR/
NK/ Low mass
SVILLGR/
HSLFHPEDTGQVSHSFPHPLYDMSLLK/
NR/ Low mass
FLRPGDDSSHDLMLLR/
LSEPAELTDAVK/
VMDLPTQEPALGTTCYASGWGSIEPEEFLTPK/

X —Ta "o a0o®

Low mass

LQCVDLHVISNDVCAQVHPQK/

Low mass
FMLCAGR/
WTGGK/
STCSGDSGGPLVCNGVLQGITSWGSEPCALPSLYTK/

= fitting

WIK/ Low mass
DTIVANP-COOH

cs~n-"avosg




'SYPRO Ruby stained image of
SDS-PAGE gels of

- O-GlcNAc-modified proteins

- in muscles of heart failur

Immunoprecipitated fractions
by anti-O-GlcNAc antibodies

Identification of proteins by LC/MS/MS

LC/MS/MS (Paradigm MS4 + LCQ Advantage MAX)
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sore
MH+ 2 s Count

: similar to Protein-glutamine ganma-glutamyltr 5.7 73992406
1

X. TCLAM*R. I 2 0.345 870.1 L
X. AGEEVE.V 2 0.395 805.1
K. ESNLLIK.V 2 0.395 T262.9
3 of 8 peptide matches reported, 5 removed due to filtering
BioworksBrowser rev. 3.2 EF1 3/5/2007 8:53:35 AM

spesies .
P score of fitting

SRF File: C:\Xcalibur\seqWest\isono\070301\srf\12.srf

Database... 070302familiaris-canis.fasta

Filter(s)... peptide sf>=0.85 ; # matches=1 ; peptide probability<=le-003

Reference P sf Score Coverage Accession

Scan(s) Sequence MH+ z P St XC DeltaCn Sp RSp Ions Count
PREDICTED: similar to Protein-glutamine gamma-glutamyltransfer 4e-006 2.74 30.2 5.7 73992406

520 K.LTEKEETGLAM*R. I 1393.70 2 4e-006 0.88 3.388 0.345 670.1 1 17/22

660 K.VM*DVPDPVEAGEE v 1629.77 2 2e-005 0.93 3.688 0.395 905.1 1 23/28

698 K.YC#EC#LTESNLIK.V 1529.70 2 0.0005 0.92 3.271 0.395 1262.9 1 1/22

3 of 8 peptide matches reported, 5 remdued due to filtering

protein name




spesies

SRF File: C: \XcaAlbur\seisc\lsono\CﬂE)}Ol\srf\lZ.srf

Database... 070302familiaris-canis.fasta
Filter(s)... peptide sf>=0.85 ; # matches=1 ; peptide probability<=1e-003

score of fitting

Reference P St Score Coverage Accession

Scan(s) Sequence MH+ z P St XC DeltaCn Sp RSp Ions Count
PREDICTED: similar to Protein-glutamine gamma-glutamyltransfer 4e-006 2.74 30.2 5.7 73992406

520 K.LTEKEETGLAM*R.TI 1393.70 2 4e-006 0.88 3.388 0.345 670.1 1 17/22

660 K.VM*DVPDPVEAGEEVK.V 1629.77 2 2e-005 0.93 3.688 0.395 905.1 1 23/28

698 K.YC#ECHLTESNLIK.V 1529.70 2 0.0005 0.92 3.271 0.395 1262.9 1 17/22

3 of 8 peptide matches reported, 5 remduved due to filtering

: protein accession ID
protein name i

http://www.ncbi.nlm.nih.gov/

National Center for Biotechnology Information

http://www.ncbi.nlm.nih.gov/

Protein ID

http://www.ncbi.nlm.nih.gov/sites/entrez?
db=protein&cmd=search&term=

Gene ID

http://www.ncbi.nlm.nih.gov/sites/entrez?
db=gene&cmd=search&term=




Bioinformatic Harvester

http://harvester.fzk.de/harvester/

http://harvester.embl.de/

%Making of expression plasmids
Making of specific antibodies

Getting of tg/KO mice/MEF




Our isolated proteins

- calreticulin

« gamma-synuclein
- c7orf24

- BiP

- TAB1

* rab24

- SHSPs

- TGM2

- NPM

- SNF5
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