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FEHIMHEE(CF) I Cystic fibrosis transmembrane conductance regulator(CFTR)iB {512
BERKETERAERLSEERERTH D, —EOEBMERERIL CFTR #HiElEE
BRICHIET D, AFFEOBRIX. BARAD CFIR BT+ 52 L1280,
FEER CF & L CEBEEEANKIET 2BEHNEREZHALNCTHIZETHD, &
N 162 44 CIBMEREREE 654 (T /v a—/ P51 N, F3ME 14 N) x5 L L,
RIEMZERE L, HiEK L Y DNA i L, CFTR Bn 1A R - 20 L HEe & O
AR LTz, BA® CFJREER T2 (E60X. R117H, R334W, R347P, A455E,
AI507, AF508, G542X. G551D, R553X, 621+1G->T, 1078delT, R1162X, SI25IN,
W1282X. N1303K, 1717-1G->A. 2183AA->G. 3659delC. 3849+10kb C>T) B L
HARAN®D CF B A% (R75X. Q98R, MI52R, R347H, L441P, L571S, D979A,
H1085R, T1086I) %&BH 72> 7=, poly T 1% 7T M E(97.5%) T, Hi=IZEEFE AT 6T
BT, (TG E(TG) 1, DT LIVHEEIXIZIE 50% CTH o7z, 7 /b — L8
R TIHTG) 1 REFEAROBEENEFEEICLNEEIC (p=0.044) Eh-o7=, M40
T UL 40%., V470 T LIVEEE X 60% T o7, M4AT0 REHEAIEROMHEE X
T a— R THEIZ (p<0.05) &<, V470 R EHEE R OBEE 3R R MERE
RTCEVMERNIZH 72, BALITRERY | FEANT v X A TII(GATT)6-(TG)1,-M470
& (GATT)7-(TG),1-V470 TH o 72, U TV A AFERPCRIED G AEE N TIX(TG) 11114
(TG)11/12 B ZNTG) 1210 BARTL D exon9” CFTR OEE 1L, ENZFI 5%, 10%. 25%
Thote, ClF ¥ RIVEEREN 90% UL B IR 7210 5 (TG -M/M470 1 L Y
(TG)11/12-M/M470 IXB AN CTIIFEIE LD o T2, —J7. F % RVEEREDS S0%LL T &
72% TGiana-VIVAT0 & 1% & D72 < BARANDF ¥ RVBEREIT 50-70% O EiFHIZ & >
Too BB, THIE RIFIC X 28 ERIT HARAD CFTR AT 12x LD FE D5
BIRIEAZRIEFL T L HEE SN D, CFTR BT D4 exon DFENT/IND, 10 D%
BRI N 72 5 ONTBERER BB TR S, BEH A D 35%., BIEFEREBE D 51%
(T H0DEFEH LTz, QI1352H, R1453W 72 E D ZAINT v R VEERE MK
(TG)11-V470 REBEESRIZEH T2 Z LA, CF D720 HARNIZEIT D8RR D
FIEIZRE S LTV D ATREME DS R STz,
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PCR CFTR
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20 CF E60X RI117H R334W R347P A455E
AI507 AF508 G542X G551D R553X 621+1G->T 1078delT R1162X S125IN W1282X
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Fig. 1 Poly-T and (TG) repeats at the junction of intron 8 and exon 9 that affect splicing
efficiency of exon 9 and M470 that affects CI” channel activities (Ref. 13).

Table 1  Allele frequency of poly-T

alleles 5T 6T 7T 9T
normal subjects 324 2(086) 4(1.2) 316( 97.5) 2(0.6)
chronic pancreatitis 130 2(1.5) 0(0.0) 125( 96.2) 3(2.3)
alcoholic 102 2(20) 0(0.0) 97(951) 3(29)
idiopathic 28 0(0.0) 0(0.0) 28 (100.0) 0(0.0)
(%)
(TG)repeats: (TG) 8§ 9 10 11 12 13 n splicing
exon 9 CFTR CFTR
(TG)1y  (TG)12 50%
TGy, p =0.044 Fig. 2
TGy, TG,
M470V: CFTR 470 (M) V)
M470 CFTR V470 CFTR 1.7 Cr 13)
40% V 60% M470
p < 0.05 V470
Table 2
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Fig. 2 Frequency distribution of genotypes of TG repeats expressed as % of the total.

Table 2 Frequency of M470V

n M/M M ViV
normal subjects 162 24 (15) 82 (51) 56 (35)
chronic pancreatitis 65 17 (26) 25 (38) 23 (35)
alcoholic 51 14 (27)° 21 (41) 16 (31)
idiopathic 14 3(21) 4 (29) 7 (50)
* p=<0.05 {%lj

CFTR
(GATT)-(TG)10-M470 (GATT)e-(TG)11-M470 (GATT);-TG,,-V470
Fig. 3 (GATT)s-TG1,-M470  (GATT),-TG;-V470
M470 (TG)1o (TG)1o (TG)12
(TG)12 V470
(TG)1; (TG)12 (TG)13
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{GATT)n, (TG)n, M470  Japanese Caucasian (GATT)n, (TG)n, M470 Japanese Caucasian
N 0 G 8(12) || | | N O G 5(7
‘|| 6 [ 10 _IEA 0 Feo) 17110V ao F 10E13§
1 0 | 0
1?@\" (TON
L J
n N 3{2) |G 10(15) _ || || | | N 94 (51) | G 44 (85}
‘|| 6 - 11 “ M || A 2(3) |F_12015) T MV [ A 24038 | Faris1)
I 0 |13 (54)
(TON (TON
T > Ns7@an| 8 101 = N 29 (16)| G 0
12@'“31{44)':”” U2 Y Nasag|r o
I 8 {33) I 313
(TON (TN
¥ v
N 0 G 0 N 1(1) G 0
TsHusHwmir o g¢  {rHmsHvEr o 2
I 0 | 0
N: normal subjects, A: alcohoelic chronic pancreatitis, I: idiopathic chronic pancreatitis
G: Greek, Tzetis M al., 2001., F: French, Pallares-Ruiz Net al., 1999.

Fig. 3 Haplotype frequency of (GATT)n-(TG)n-M470V in Japanese and Europeans

N: normal subjects, A:alcoholic pancreatitis, I: idiopathic pancreatitis. (% of the total).

11711 11712 12/12
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exon 9 5% 10% 25%

Fig. 4 (TG) repeats and exon 9" transcripts in the nasal epithelium of normal subjects.
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(TG)n CFTR

Fig. 4 mRNA exon 9+ exon9- CFTR
PCR (TG)11/11 (TG)11/12 (TG)12/12
exon9- CFTR 5% 10% 25%

(TG)n-M470V CFTR
Table 3  (TG)n-M470V CFTR (TG)10-M470-CFTR
100 Fig. 3 Cr 90%

TG1111-M/M470 TG1112-M/M470

50% TG12/12-V/V470 1%
50-70%

Table 3 CFTR CI channel activities estimated from (TG)n-M470V genotype.

Clchannel* frequency

(TG)n M470V activity in control
M/M 95% 0%
11111 MV 7% 2%
VIV 29% 22%
M/M 93% 0%
1112 MV 67% 42%
VIV 93% 12%
M/M 75% 19%
1212 MV 73% 6%
VIV 47% 1%

*(TG)10-M470=100%

CFTR
CFTR exon (GATT)n-Tn(TG)n-M470V
10 Fig. 5 35%
51%
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(GATT)s; (TG)1q.13 Poly Ts 55 M4TOV
|

M2 13 14a4u 516747808 19 20 21 222324

23 4 S6éHb78 9 10
-790delt
., 1 ! — I —|
125C R31C E217G L548Q 1556V L1156F G13495Q1352HR1453W

-790delt 125C R31C E217G L548Q 1556V L1156F G1349S8 Q1352H R1453W

normal 0 14 4 3 2 19 10 0 6 5
(N=162) (0%) (9%) (2%) (3%) (1%) (7%) (6%) (0%) (4%) (3%)

chronic pancreatitis

alcoholic 2 9 0 2 0 2 4 0 6 2
(n=51 ) (4°/o) (1 80/0) (Oo/o) (4°/o) (O°/o) (4°/o) (8°/0) (OCVO) ('1 20/0) (40/0)
idiopathic 0 1 0 0 0 0 0 1 2 2

(n=14) (0%) (7%) (0%) (0%) (0%) (0%) (0%) (7%) (14%) (14%)

Fig. 5 CFTR gene polymorphism in Japanese.
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enterotoxin
adenylate cyclase CFTR Cr
CFTR
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Figure The frequency of each of nine genotypes in normal subjects and patients with chronic

pancreatitis. The associated 5T, Q1352H, and R1453 are overlaid on each column.
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Salt balance via CFTR and evolution of CFTR gene in Japanese
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Summary
Chronic pancreatitis is regarded as non-classic form of cystic fibrosis (CF). In order to understand
the genetic background for chronic pancreatitis in Japanese, we examined twenty common
CF-causing mutations in Europeans, nine CF-causing mutations in Japanese, and three
polymorphisms (poly T, TG repeats, and M470V) of the cystic fibrosis transmembrane
conductance regulator (CFTR) gene in 65 patients with chronic pancreatitis (51 alcoholic and 14
idiopathic) and 162 normal subjects. None of the 29 CF-causing mutations were detected. The 7T
was the most common (97.5%) haplotype and hence the 7T/7T was a dominant genotype in
Japanese. Compared with Caucasians, the 5T and 9T were very rare. 6T was found in 4 normal
subjects. The (TG)11 and (TG)12 were dominant haplotypes in Japanese and the ratio was roughly
1:1. Frequencies of the (TG)11/11 (24%), (TG)11/12 (53%), and (TG)12/12 (21%) in normal
subjects were significantly (p=0.044) different from alcoholic and idiopathic pancreatitis. The ratio
of methionine (M-type) and valine (V-type) at position 470 in exon 10 was 2:3 in normal subjects.
Genotype analysis revealed two major haplotypes, the (TG)12-M470 (31%) and (TG)11-V470
(51%); the former expresses a smaller amount of intact CFTR proteins and the latter produces
proteins with lower intrinsic activity. Hence, CFTR function predicted from the genotypes in the
majority of Japanese (97%) is lower (53~75%) than that in Caucasians with the wild type CFTR
gene. Both secretory diarrhea caused by the activation of the CFTR CI” channel and sweat fluid
and electrolytes loss caused by the warm and humid climate of Japan might have acted as selective
pressure on the CFTR gene. Eight patients (12.1%) had Q1352 H (1.9% in control) and three
(4.6%) had R1453W (1.9% in control). Association of a mild form of mutation, such as Q1352H,
may further reduce CFTR function by as much as 75%. These genetic backgrounds probably
explain the association of CFTR dysfunction and chronic pancreatitis in Japan where CF is very

rarc.
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