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Expression of KCNQI1 channel during rat pancreas development
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[Abstract] Objective To investigate the dynamic expression profile of KCNQI channel in rat developing pancreas and
adult rat islets, so as to provide experimental basis for further analyzing the possible role of KCNQI channel in g-cell
development and function. Methods The gene expression patterns of embryonic day 12.5 (E12.5), E15.5, E18.5, new-born
and adult rat pancreas were compared using the GeneChipRAE 230A. The expressions of KCNQI channel subunits in rat
pancreas at the above five stages and adult rat islets were also detected and analzyed by RT-PCR. Results The results of
genechip showed that the expression of transcription factors related to endocrine cell differention and maturation peaked at
E15.5 and E18. 5, respectively. The expression of mature 3-cell specific genes increased significantly at E18. 5, but KCNQI and
KCNEI only started to express at E18. 5. The results of RT-PCR showed expression of multiple KCNQI1 channel subunits in
adult rat pancreas and islet. Conclusion The expression of KCNQI channel appears in the later stage of pancreatic development
when the endocrine cells undergo further maturation, and has a higher level in adult islets. The expression profile of KCNQI
channel subunits indicates that KCNQI channel might be expressed in mature -cell and involved in its endocrine function.
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MR & F ST REA G, SR KCNQI 38 18 7 i B
RE DB HRIXE S R ILHRGE

AW 5E 32 H 3 L P R R X R &
B3 K SRR b P 0 A0 43 b B o A 6 G St
PRl JBR 5 22 7 WA D fig AH OC A A & KCNQ1 38 i
AR EE R R B AT 1 P47 40 Fr . 76 ] RT-PCR X}
R H KCNQI i ) Rk T ik 2 f5 . X
it —2 H RT-PCR £l 7 KCNQ1 38 & 7 5 78 % 4F
KRB S i 23k, B 7E B R W) & B K RUEE
et KCNQU 3 38 1Y 3R 35 16 50, o0 8 75 1% 38 18 75 R
J% N 43 WA ) & B K D) Re e i R VR R HE R R .

1 T E

1.1 %%shdhfss BAHE SD KR @ DA 60
HOHE 40 H Mt 20 B AR BT 250 g Z 47, R o B
BER 2250 sy v 3R AR [ S50 2l W A 7=V T IR
SCXK (F7)2002-0031 . f# F 14 AT IE5 : SYXK (F5) 2008-
00077, Motic #5485 ; TRIpure® it (Roche) ; Ge-
neChip®? Murine Genome RAE230A ( Affymetrix );
RNeasy Mini Kit (Qiagen), RT-PCR {54 (Toyobo ),
1.2 ARAAFHHXABBRR  TAHH 18:00
R RE R LA 1 s 2 A2 R H AT B2 &, 2
RZHKEH 0.5 K (E0.5), B El12.5,E15.5,E18. 5
BERLSI SR FE , 4 B IR i L S e 5 5 B 1
B B TR R 5 T A RN AR R R A ) 2 2 R R
AR R BB 42 43 B AR U AR A 4010l T BRI AR
AT R R

1.3 RERXKMEL B LWL WAEKRC AR E
F A B 4 90 130 L L 22 R L U R R R AT O E L
FHFAE . B IS T A0 I I I V (1 mg/mD) 10
ml, P SR PV AR . T 37°C /K AL 15 min,
K JH Ficoll AN % 22 %5 FE AR B2 250 1 2 AL 1 &, HURE
XU (DTZ) e % 5%

1.4 48220% RNA FRE 43l B4 B 19 KRRl fe i 41
VR AR JE 5, TRIpure 3% 7 42 BUZH 418 RNA,
FI ] RNeasy Mini Kit 4lift & RNA,

1.5 SR EXRAZKFESH  HILLEL2.5,E15. 5,
E18. 58 A4 AR AEBIR B RNA (15 pg) MR & A
X% cDNA, Kl BioArray™ High Yield™ RNA
Transcript Labeling Kit &4} 5% 5% 4= i 4= ¥ Z 4rid
cRNA, H2ai b Fr Brfb b L, B 30 ng cRNA 5
GeneChip® Murine Genome RAE230A ith A 7% 32 ;
Ve S L B B R R R AT 8 e £ i 1 A
5 5 F HLEE 51 3 B 3K A4 (MicroArray Suite, ver-
sion 5. 0) FEATECHE 73 B . I R FH G0 i A O i % i
st 1) 28 35 45 BEAE 45 B i TRl EA T A LT

1.6 REAR 8K MR ZRF M S+ KCNQL
Wi R R AR 1 ug M E12. 5.E15. 5,
E18.5 B A AR AR S mi A7 JBE & RNA 4330l 47 2
5. 30°C 10 min, 42°C 20 min, 99°C 5 min, 4°C 5
min, & cDNA, #17 PCR ¥4, KCNQI L3549
5'- TCC TCC CCG CCC AAT GCT GA-3", FiiF5 |49 .
5'- CGG CAG CCT GCA GAC CAG AG-3, Hilit¥ 14
78 530 bp; KCNE1 _L#51#:5'- CCG TGA AGC
CCC AGG ATG GC-3', FilE5149:5'- AAG CTC TCC
AGA ACG CGG GC-3', Hiit4 1 7=4) 326 bp; KCNE2
L5195 GCC GAA CAA CAG GCG CTC CA-3',
59 .5'- CAC TGT GAA CCC CGT CGC CC-3,
Wit P 8 7= ¥ 270 bp; KCNE3 E 51 #.5'- GGC
TAG CCT TCC CGG CCG TA-3", Fii#514 .5~ TCA
GCC CCT CTT CTC TGG TCC C-3', Hiit 4 4 =¥y
340 bp; KCNE4 L{iE51#9:5"- CTT TGA TCC CGG
CTG GGC GA-3", T 51 9.5 - AAA GGG TGC
AGG ACA GCG CA-3". B9 74 383 bp;p-actin
KNSR, EFSI8.5- CCA CAC CCG CCA CCA
GTT CG-3", FiiF5I4:5"- AGA GGG GCC TCG GTG
AGC AG-3", B9 8 7= ¥ 351 bp. PCR =417
1.5 Y0 Bat i b R M P K s P B S 4 T 2k 1 o 5 TR 3R
RHEATHIHT .

1.7 %itF a4 KCNQI i W KA XT3k &
r+ s . H Origin 8. 0 G i1 2% 4> ¥r # 1F v 17
ANOVA 24381, P<<0.05 WEFAFKIT¥E X,

2 &5 B

2.1 AL stmiast mAMKIEZIETERR L
F R IAMR 69 ik A AN [ R I R R A
BE PR FRARTE 4 0 A T UL, 5 TR R PN 0 00 A 0 AR AH G
A4 5 5% 5% I F Pdx1. Nkx6-1, Notchl , Follistatin
Fl Pax4 £ T E12.5 © i LR IL, JF T E15. 5 £k
K-k B F i E18. 5 TFAR T B 5 9 40 A 4 ) 1
B K 5N F Pax6 ., Hnfda Ptfla 550 ZAEELS. 5
HELRIL, I T E18. 5 ik 514 AIE(H (R D,

2.2 M SFEoyukAnk Ik B AR R R E BB KR
m FERELE R GRS (R 2) o UK B 4 T RE
B BE AR ) Glue2, JiE &) &R (insulin) B £ i5 T
E18.5 Ihl R FHW w5 B AR R A %
P4 S -3 LR L L S ATP SUsR P #5838 (ATP-
sensitive K channel, K rp) #J Kenj6 Fl Abec8 . 2 i H,
AR st 1 45 8% F 3 18 (voltage-dependent Ca®" chan-
nel, VDCO) 1) Cacnalc DA K it B 5 4 i 14 21 25 73
il (voltage-dependent K* channel,Kv, ;) #J Kenbl, &
TR RIA T E18. 5 35 3 /& 0 , br 2 I R B 4
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Tab 1 Expression profile of transcription factors
related to endocrine cell differention and

maturation during rat pancreatic development

Signal intensity

Gene symbol

E12.5 EI15.5 EI18.5 New-born Adult
Pdx1 84. 7 422. 4 - 41.5
Nkx6-1 25.7 391.4 274.9 95.3 -
Notchl 209.8 823 646.5 145.7 36. 7
Follistatin 25 157.6 141.7 20.0 18.7
Pax4 - 155.5 147.2 17.1 -
Pax6 - 225.1 493.9 112.2 -
Hnf4a - - 234.5 - -
Ptfla - 384.2 2854.3 366.3 983.9

-: Not detected

x2 XRFEBRRXETIERESESBEXEENRIE
Tab 2 Expression profile of genes related to

endocrine function during rat pancreatic development

Signal intensity
El12.5 E15.5 EI18.5 New-born Adult
Insulin 1 159. 3 617.7 11039.5 6 715.2 4 651.4
Insulin 2 - 392 11 182.2 4 771.1 2 702.5

Gene symbol

Glut-2 47.1 158.2 1067 534.1 38.4
Kcnj6 - 85.7 101.4 - -
Abcc8 59.7 131.9 202.3 63.7

Cacnalc 38.7 129 341.4 46. 3 -
Kenbl - 42.3 72.3 - -

-: Not detected

2.3 KCNQI @i &k £ RF A F o8 e &
B IR R S5 R (R )l L, KCNQI i i M fig
W3 KCNQIT Al By 36 KCNE1 A 2 15 3% [K 35 78
E18. 5 A UH 3R 76 A R I b KCNQL,KCNE1L
WA B K2R3k . R RT-PCR X R RS i 4%
WAEATIR AR, 5 S & 1 fr s, ol iL KCNQI, KC-
NE1 765 R & & B [ i) ) 52 00 22 5 3R 58, Rk it
TALEHEE R R—5,

®3 XRBERZETREP KCNQI & I 1Rk
Tab 3 Expression profile of KCNQI1 channel

subunits during pancreatic development

Signal intensity

Gene symbol

E12.5 E15.5 EI18.5 New-born Adult
KCNQ1 - - 420. 6 181.5 405
KCNE1 - - 98. 6 120.4 907. 4
KCNE2 - - - -
KCNE3 - - - - -

-. Not detected

2.4 KCNQI @ i# 3 & F KRR B IR 56 &

i RT-PCR 455 (E 2) @R, 78 BAF KRR e & g
By A KCNQI i 18 Y g W 35 g % HE P KCNQL
DL S Z Fofv 36 3 6 Bl S5 g A 5L I (KCNET, KCNEZ,
KCNE4) f %35, S KCNE4 HA7 B 8 s kik; A
S8 KCNE1 7£ 8 5 1 22 35 K F b 2K F R AR (A & 47
SR B R B9 KCNQI 88 R 2B 2 — .

KCNQI KCNEI
1 2 3 4 5 M 1 2 i 4 5

KCNQl— B-act
(530 b ) =actim

> = 2~ (351 bp)
[3-actin ~NE
351 | KCNEI
(351 bp) (326 bp)

08
07 r
0.6 F
0.5 F
04
0.3

02+

0-] |-I-|

(1]

1 23 & 5 I 2
KCNQI

Relative expression level

aill

KCNE]

B 1 AREZEMHAXRBRERS KCNQI 5 KCNEI B 5RiE
Fig 1 Expression of KCNQI and KCNE1
in rat pancreas at different developmental stages
1. E12. 5; 2. E15. 5; 3. EI8. 5; 4.
M: Marker. n=3,x=*s

Adult;

New-born; 5:

3 i

KCNQL H 1996 4EAE st QT R LG 1k
) 5O 32 Rk B LA R L LR A O 8 9 & A HIL D K
I PRIG YT B 58 BUAS T 28 i dE kR ) KCNQIL 2k
21k 2 BUBE BRI By Bk Z 18] 36 R ) ) fifi
KCNQU 38 P 1l A AH 5 00887 G 1 Bl

PR KCNQU 3 3 7 B R N 2 i 4 i & 8 &
ige i /E F L FRATT B S X R BUBR IR A 6] & B
PN 3 96 200 Jf A DG A SR PR B KCNQUL Gl 38 A 2% 3k i
1T RS 50r. BRI R85 R BoR . 5N 5 W
4 B 43 Ak AR OC 1Y % 5 - (Pdx1, Nkx6-1, Notchl ,
Follistatin f1 Pax4)") F E12. 5 B & H} 81 % ik,
E15. 53k K 43k Ho i i L E18. 5 FFIG TR S
3 W B B A DG 1Y B Sk Rl F (Pax6., Hnfda,
Ptfla )W Z1E E15. 5 A PR IK,EL18. 5 3 ik %
F A s 03R B 40 D) A8 A 1Y Glue-2 B8 E L
T 15 38 43 D AH 5 B - 3 A g A R R O ) 6 38 KR
WIETE E18.5 B 1 W& 1 iy, 3 SL A48 - s b
th E12. 5~E15. 5 & K BRUBE AR P 43006 4t i 43 Ak 1) o 22
B L E18. 5 22 J JR AR PN 43 06 41 B 1) 434k 8 AR 52 1
HEAT 20T e A B B, RS B B2 RT-PCR
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gE L4 o KCNQI 5 38 T 68 W 2 10 4 i 2 () KC-
NQI1 K 4f B W 3 45 75 56 [ KCNEL 7€ E18. 5 K RUBE
MR P A B R IA , $E % 1200 T8 X T P9 40 0 A0 i 1 434k

bp M P I bp M P
500— . 500—
— KCNQI
200— (530 bp) 200—
M P | M
500— 500 —
200— (326 bp) 200 —
M P | M P |
500— 500 —
— KCNE2
200— (270 bp) 200 —

— KCNE3

— KCNE4

S 06
T8 04 .
— P-actin 0

A REAR LT AT, X AT AEIE /& KCNQI 28 BB /s B
8K B — 2 B B 15 R AE 1 iR A

1.0
O Pancreas
e Jslet

0.8
(340 bp)

(383 bp)

(Normalized to f-actin)
wd

Relative expression level

(351 bp) KCNQI KCNElI KCNE2 KCNE4

B2 BMEXRBREREES KCNQL &E &M RIE

Fig 2 Expression of KCNQI1 channel subunits in adult rat pancreas and islet

M. Marker; P: Pancreas; I: Islet.

Kare JKve 1 . VDCC 45 55 7 38 38 JIr A 5 19 40 i 2
PG S TE R AR B 4 MR SZ i AL 35 R kB
SE BB 5 i A R v B AR L B A1 Rk
FSCPIR A B2 7 # s  F SE PR R 25 3 1 4y
BT 37 3 S0 T8 G 5 L N 1) RIS B AEE1S. St AL T
BB R R W BE R B AN ) B S R A L AR
T AE BRI 45 R R BT 5 S E AR C AR &
BB 2] L 33 T A8 A T I 5 AT g B 20 21 v i
i F AR /D B Y . KCNQU 38 18 © 9l 3iF W 75 e i
T 40 6 35 A0 S B e S 9 B 1 ¥ A 283K L Sl A
A EES T340 S 5 T 20 0 e A T S Y 43 3k
RV AT RS T KCNQI 3 38 78 JBE R N 4
WA A 2 A 1 L L FRATT I 2 RT-PCR 4351 6] 4R K
BRI AR % B8 15 7R KCNQU 3l T8 1 R ik HEAT T R0, &%
SR TE AR KRR R B JBR 5 PR AT KCNQL L KC-
NE1,KCNE2 ,KCNE4 A 6] 7K (4 & 35 5 7] B $2 7R
5+ KCNQU #1844 5 i 5 B 7 58 7] R 32 22
KCNE4 fl KCNEL,

Ullrich %" 4fii8 KCNQI1 # i 7F INS-1(B 41
JHO P88 A ) 240 S L 5 ) BB E R 3K e S 2 L DR % 3
A FEAC INS-1 4 20 4R A 47 09 52 A% Ak ok 72 78 45
ST 0 AN ML A A W A i
ARHFGE B  KCNQL 72 AR & & 5 101, AR P 43 3%
240 1t ) R 5 T A B BE A T R B SR A L T AR AR
9 8 v ) B A R KO- R ik L 4278 KCNQI 38 Af
REJ3 A T HL B 40 MLJF 2 5 A M D RE A 4k +F . A SE
K25 FONBFSE KCNQL B IE S B 40 5 9 fig
Tia] Fr) B0 2R AL T B A SE U0 SR
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