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Cystic fibrosis transmembrane conductance regulator (CFTR) gene and sodium-independent Cl'/HCO5
anion exchanger (AE) genes are expressed in a wide variety of mammalian tissues including
cholangiocytes. They play an important role in the regulation of intracellular pH (pHi) as well as in
transepithelial acid/base transport necessary for biliary bicarbonate secretion. The aim of this study
was to examine the expression level of CFTR gene and AE genes (AE1, AE2 and AE3) in the chol-
angiocytes and the hepatocytes, and also measure AE2 gene expression level after bile duct ligation
(BDL). As we previously described, isolated hepatocytes and cholangiocytes from the liver of normal
and BDL rats were prepared and gene expression levels were measured by using RT-PCR. We found
that AE1, AE2, and AE3 genes were expressed in both hepatocytes and cholangiocytes, but CFTR was
only in cholangiocytes. AE2 gene expression level was higher in the BDL hepatocytes than normal
hepatocytes, which was significantly different between two groups. AE2 gene expression level was
lower in the BDL cholangiocytes than normal cholangiocytes. However, AE2 gene expression level in
both hepatocytes and cholangiocytes were not changed with a longer duration of BDL. These results
suggest that CFTR and AE2 may play an important role in the pathogenetic mechanism of biliary cho-

lestatic liver disease.

Key words : Hepatocyte, cholangiocyte, CFTR, anion exchanger, cholestasis

M B

HA = TelA FAE FFS HoAFLRE BHlse F
2 B9 olygt 71y AYAQ] 7es FASEH 2%
&S she Ao dHAUTG GFL Aol HAEZAA
g Ao Bulyy FAE B3 & FHOE THkET,
g 2 32719 93 AYe 59 AFF #ue 33 S
AA HE FFel A AN FRA A 9 FFEH
T F E9F 4 F40%7A 4FS v1E 4 ITH5,11-13,18,
19,20,25]

[e]

178} 79 @A A ol A= cystic fibrosis transmembrane
conductance regulator (CFTR) A= 1480701 2] ofw] =4t
o2 FAHE CFIR 99 dS AAbet}13]. CFIR FA=
9, 18, 718, A%, 2%, i, A 3 g SolA 2dd
TH20]. CFTR 9} A& #H]A] o)A 2 9] 3 (apical mem-
brane)ol #1215, AW S| cAMP S 7}l 95t 245}y
of 4 o] &S HHIFTH59,18.25]. FAMA BHoR fA

*Corresponding author
Tel : +82-41-570-3680 , Fax : +82-41-570-3681
E-mail : khskhs@sch.ac.kr

e YA A3 (Cystic fibrosis)> CFTRY 7|5 FHog
FEol AY gle Aol & EA4S FHsd 7134 &3
5, AFAE, 2 H, £, & A, v&F3A, T Fl
TE Y 9IS I F4E o= A olt}9,20,22].

pendent CI'/HCO; anion exchangers, AEs)= Al 2 o
M daol2s AXUE, FEAYeS WESE wEdts,
Aol TEAE o] 29 7] F3H4 1 ¥ (electroneutral ex-
changes)S w7l ste |2 Tl Aot} 1,28].

g3 AEZE V1A degdAe 3 B3t fle FAVIA,
o AFoly, T BE AA ToE FH AXY 243}
U, AZW cAMP @H4o] S7hska, Alad | 84
2} Fdo] Frbetn, g Al 7Tk wstdth F#
HFeAM st G AEe LH7]50] S48,

ol $3 9F A doslk 4

ofN my do w2 ot
rmoms Q@

c

>
>,
a4

—
N
RSy
—
U1
—

A B AFdXe AFHY gH AES A EA
CFTRS} AEs (AE1, AE2, AE3)¢] 988 oli 7] 93e] o]
5§79 BAS 2ASQG. =Y, B9 9B 232
T 25 A el 23 Az FAEAAM AR £3

il



A S wEste] O 983 dotRuA i
Rz 9

e oy

AT EL2200-250 g9 47 Sprague Dawley & ©]8-3}9
o A E sk HEF &, FEE] Ho|AFLE 4]
He FHS Fol, 2 EAF splol 225 ¢ F g3
Ausses AS WA S8 2= A 2283
T8 2ATe 4rt R APE s, HxTe v 24
= APstA B ertE 2 A

FYol erte] Y B HAIA 7 A E S}
i \’/]’3}9‘}\1’/}. ZHA X (hepatocytes) 9F T ¥HA
(cholanglocyte )9 e ted 22 e ol &sidt
[6,29]. 8.9F3lH, ZHE9 (portal vein) &3¢ Hanks' buffer
¢} collagenase D (Roche, USA)E #FAIZ] £ ZH(liver)S wl
ofdtth wojdl 7+ 115 WAl 2AIZHA & §EW}J—
U= “-%(membrane) AAG & AAE o] &3t 7S B4
3t hol Boldde THHIEE £8]3te 45 pm9] Nitex Swiss
nylon monofilament 2= & (Tetko, Lancaster, USA) 2.2 &

% F sl £, 1200 rprl A 530 4 eI
AAEY F AEAS W2 HEZ 32% Percoll o AHF3
% 90% Percoll] —501‘"“ 15 ml 2 (tube)ol F% AlZh

HHAEY e AHNEE Egstar F2 v AEAE
(non-parenchymal tissue)E 7+ Z A B2 £ collagenase,
DNase, 123 Pronase =% hyaluronidase’} E°1$i+=
MEM Hl Aol Ff-3tef 37 °C 715 Hl 7] (shaking incubator)
o A 2087t HESAlA A2 HA E ZF (isolated bile duct
units, [BDUs)Z @Y P&HA E(isolated bile duct cells,
IBDCs) 2 Tﬂi T, 2EE 9Y 9RAZE BoM°C, 1,200
Ast 3, PercollE ©]-&-3fo] Aolgl+=

W Ao AEE trypan blueE F4
TFE ALrete] Aol o]&3it Al

Table 1. Primers used for CFTR and AE mRNA expression
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Genes Primers cDNA sequence cDNA Sequence location
CFTR 5-GCCAGGGCTAGCAGTCTTCATTTTACTGAG-3 (3,045-3,075)
5-AGCCTCGAGCACTAGAGCCGGGTCTCTTGC-3 (4,419-4,448) [16]
AFE1 5-CTC TGC TAC TAA ACG CAG CCA-¥ (272-293)
5-TGT AGT CGA TGT GCG GAG CCT CA-¥ (637-615) [14]
AE2 5-AGT GAT GAG AAA GAA TTC TC-% (1,282-1,301)
5-AGC TGC ACC TGC CAC CTC TA-¥ (1,982-2,001) [21]
AE3 5 -AGACCAAAGTGGAGATGACC (1,919-1,938)
5 - GCAGGGCACTACTATTCAGT (2,617-2,598) [8]

GAPDH

5- GGG TGG TGC CAA AAG GGTC

3- GGA GTT GCT GTT GAA GTC ACA
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Table 2. Amplification conditions of RT-PCR

Genes Denature Annealing Extention No. of Cycles

CFTR 94C, 1 min 60C, 45 sec 72C, 1 min 45

AE1 94T, 1 min 60T, 1 min 72C, 1 min 35

AE2 94°C, 30 sec 55C, 1 min 72C, 1 min 30

AE3 94°C, 45 sec 60C, 1 min 72C, 2 min 35
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810)& °l&3toem, 72 FF 5%AA Aol o]Fof At 69101] HisiA Aol B3 g3 22 FaAZT o)A
AE2 §rAAe) wage A2 7126 BE Aot g
= — (Flg 5) S A DA EFIA AR2 ARt A

28 AZE 79§ 2719 o 30 pm 2719 T
ANEZ FFEHUIL(Fig. 1A4), F&F AEE F 15 pm 3719
T AEE BREAY(Fig 1B). £3 FF H1 948 &
ato welE A2t g3 AZYS Sst Atk 2). B
M)A CFTR, AE1, AE2 ¥ AE3 RNA7} 2% 235 ¢)
Th(Fig. 3). ZFAIEolA CFTR RNAS L@HA ggton,
AE1, AE2 2 AE3 RNAE EF %‘Uﬂﬂ"*q(ﬁg 4). 3 2
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Fig. 1. Clusters of freshly isolated hepatocyte (A) and bile duct
epitherial cells (B), (x100).

Fig. 2. Immunofluorescent micrograph of IBDUs. IBDUs were
immunofluorscencetly stained for CK-19.

Fig. 3. RT-PCR assisted amplification of CFTR RNA and AE1,
AE2, and AE3 RNA in isolated cholangiocytes of rats.
Lane A, CFTR (1,403 bp); lane B, AE1 (401 bp); lane C,
AE2 (719 bp); lane D, AE3 (679 bp).

A B C D

Fig. 4. RT-PCR assisted amplification of CFTR RNA and AE1,
AE2, and AE3 RNA in isolated hepatocytes of rats. Lane
A, (-) CFTIR (1,403 bp); lane B, AE1 (401 bp); lane C,
AE2 (719 bp); lane D, AE3 (679 bp).
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Fig. 5. AE2 and GAPDH mRNA expression levels in chol-
angiocytes of BDL rats. (A) AE2 and GAPDH mRNA
expression levels measured by gel electrophoresis. Lane
0, control; lane 1, 1 week after BDL; lane 2, 2 week after
BDL, lane 3, 3 week after BDL, and lane 4, 4 week after
BDL. (B) Relative mRNA expression levels of AE2 com-
pared to GAPDH measured by densitometry (Mean=
SD).
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Fig. 6. AE2 and GAPDH mRNA expression levels in hep-
atocytes of BDL rats. (A) AE2 and GAPDH mRNA ex-
pression levels measured by gel electrophoresis. Lane
0, control; lane 1, 1 week after BDL; lane 2, 2 weeks
after BDL, lane 3, 3 weeks after BDL, and lane 4, 4 weeks
after BDL. (B) Relative mRNA expression levels of AE2
compared to GAPDH measured by densitometry (Mean
1SD).
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