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[ ABSTRACT ] Aim  To explore the hyperhomocysteinemia ( HHcy) inhibit cystic fibrosis transmembrane conduct-
ance regulator ( CFTR) expression of apolipoprotein E-knocked-out ( ApoE ™"~ ) mice renal via endoplasmic reticulum
stress (ERS). Methods 18 male ApoE ™"~ mice were randomly divided into 3 groups (n =6 for each group) :
ApoE ™~ control group, high methionine group and intervention group.  They were respectively fed with nomal diet and

high methionine diet and high methionine diet plus 0. 006% folate and 0. 0004% vitamin B,, for 14 weeks.  After 14
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weeks, the blood of the mice was gotten using a unilateral enucleation method, the serum homocysteine (Hey) was detec-
ted by enzyme-linked immunosorbent assay ( ELISA). The protein and mRNA expressions of CFTR in the renal of mice
were detected by immunohistochemical assay and real time polymerase chain reaction (RT-PCR) ; the mRNA expressions of
glucose regulated protein 78 (GRP78) , activating transcription factor 6 ( ATF6) , protein kinase RNA-like endoplasmic re-
ticulum kinase (PERK), C/EPB homologous protein ( CHOP) in the renal of mice were detected by RT-PCR. Re-
sults The result showed that the content of Hey was significantly higher in ApoE ™~ control group, high methionine group
and intervention group; an remarkable increase was observed in the high methionine group (P <0.01).  The results of
RT-PCR and immunohistochemical assay exposed a remarkable down-expressed CFTR mRNA and protein in high methio-
The results of RT-PCR exposed a remarkable up-expressed GRP78, ATF6, PERK, CHOP mR-
NA in high methionine group, while intervention group decreased GRP78, ATF6, PERK, CHOP levels compared with high

There were negative correlations between GRP78, ATF6, PERK, CHOP mRNA and CFTR mRNA (r

nine group (P <0.01).

methionine group.

Conclusion
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= -0.7192, P<0.01; r= -0.5501, P<0.01; r= -0.7772, P<0.01; r= —0.6785, P<0.01).

HHcy inhibits CFTR expression of ApoE-knockout mice renal might via endoplasmic reticulum stress.
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E7X L PCR 5 4 | & b % % B F 6 (activating tran-
scription factor 6 ,ATF6) 52 i & & 7% f PCR 5| 4 . &
B B A R 3B (protein kinase RNA-like endo-
plasmic reticulum kinase , PERK) 52 if & & 7% %t PCR
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HEG,REERE AR (EER) A6, &
T Image Pro Plu 6. 0 2 1 74 M X 35k 09 B AR K %
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1.5 RT-PCR # /MR 'S BE CFTR, GRP78 ATF6,
PERK,CHOP mRNA FKix

BAUNREIEA L 40 g, ARG R BRI
Trizol i 7| & ¥t ¥4 5 & B E T 41 48 5 RNA, F A
B AT U 0D,y /0D, ., 2T RNA A & 45
ok g, F KRR N 20 wL, ¥ # TR cDNA, #
if Primer 5.0 BRI (K1), KRR N 25
wL, KR4 % 4 :95°C 10 min,95°C 15 s,58°C 30 s,
72°C 30 s, 34T 45 MEF, RAEEH R E A&
=2 AR AR A ACH=[ Ct CFTR (45 B 4K )
- Ct GAPDH(AFM A A) ] - [ Ct CFTR (R IEFA)
- Ct GAPDH (X IE# &) ] [ GAPDH ; 5% B H it B2 /it
2.5 ( glyceraldehyde phosphate dehydrogenase) ],

% 1. WHEE PCR 5|¥iZit 57l
Table 1. Primer sequence used for RT-PCR

5 FIMFSI(5°—3") RE  URE

CFTR  F:GACACTTTGCTTGCCCTGAG 59.4%C 151 bp
R:TAAGAATCCCACCTGCTTTCA 56.9°C

ATF6 F:GGCAGTGTGGTCTTTCCTGT 60.1°C 245 bp
R:AAGCATCCGTTCTCATCACC 60.0°C

PERK  F:GGGACAAGTAGGGACCAAGC 61.9C 124 bp
R:GGTGCTGAATGGGTAGAGGA 59.8C

CHOP  F:ACAGAGGTCACACGCACATC 59.8C 204 bp
R:CTCCTGCTCCTTCTCCTTCA 59.8C

GRP78 F:GCTGGTGTCCTCTCTGGTGA 61.9°C 140 bp
R:ATTATCGGAAGCCGTGGAG 58.5C

GAPDH F:GGTGAAGGTCGGTGTGAACG 60.2°C 186 bp
R:CTCGCTGGAAGATGGTG 58.3C
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Figure 1. Serum Hcy levels in mice
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Figure 2. Representative fluorescent real time PCR experi-

ment to assay CFTR mRNA expression
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Figure 3. CFTR protein expression by immunohistochemical method and statistical results

2.3 /INR'BBE GRP78, ATF6, PERK, CHOP mRNA
HIFRIx

ApoE =~ X B8 40 GRP78 ., ATF6 . PERK , CHOP
mRNA [R5 5 1E 5 XA b 22 R TGt 5 X
(P >0.05); = % & B2 41 GRP78. ATF6 ., PERK ,
CHOP mRNA {431k B 5 380, Eb 1 3 X B 2H 53 5]

HhNT 468% 167% .199% .330% (P <0.01), It
ApoE ™~ XFHE AL A I3 IN T 119% ,130% , 68% |
160% (P < 0.01); T ¥4 GRP78, ATF6, PERK |
CHOP mRNA 3R 35 [t s A 2 IR 40 W1 i IR (P <
0.01),1M5 ApoE ™/~ X HRAL Fb 45 25 7 oGt 2478 X
(P>0.05;%2),

% 2. INR 'S HE GRP78  ATF6 . PERK ,CHOP mRNA HJRiE(x +5,n=6)
Table 2. Representative fluorescent real time PCR experiment to assay GRP78, ATF6, PERK, CHOP mRNA expression (x

+s5,n=6)

B2 ) GRP78 mRNA ATF6 mRNA PERK mRNA CHOP mRNA
1E T R 0.338 £0. 199 0.484 +0. 131 0.939 £0. 197 0.675 +0. 186
ApoE ™~ X R4 0. 878 £0.200 0.728 £0.314 1. 672 +0. 228 1. 111 £0. 201
A RN 1. 921 +0. 745* 1.902 +£0. 788" 2.817 £0. 622° 2.907 £0. 526*
THidd 1. 021 +£0. 419° 0. 815 +£0. 472° 1.582 0. 417" 1.200 +£0. 272°¢

a P <0.01, 51E% % ML ApoE =/~ XF IRZH L4 ;b i P <0.05,¢ S P <0.01, 5 E &R i,

2.4 INR'BBE GRP78, ATF6, PERK, CHOP mRNA
5 CFTR mRNA B XM

/NEVE IE GRP78 \ATF6 .PERK ., CHOP mRNA 3
KKF-Ej CFTR mRNA FRh K AH S R B 5k o r
=-0.7192,P <0.01;r = = 0.5501, P <0.01;r =
-0.7772,P <0.01;r = -0.6785,P <0.01 (& 4)
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Figure 4. Correlation analysis about GRP78, ATF6, PERK, CHOP mRNA and CFTR mRNA of mice renal

TR i Hey AKE438 m, Horp Dl s SR A R 4l
B 3 $ER HHey BEORA R

ARSI EE R B A R4 CFTR mRNA (1)
TR R B 1E 1 K BRZH AN ApoE ~/~ X BB 2 i 3%
REAR, TTI41 CFTR () 3RIA% SR 2 R 4 o 25 15,
X8 HHey 7T LG ApoE '~ BV I CFTR ik
A%, CFTR & —Fh& % FiEiE & M, CFTR 1] LIz
BN R R MAS A i 3, R AFIE 45 R %
24 CFTR 8 [ 2 15 DRI m] 3 & 22 b B 0
L 2D RIS CFTR %42 T F508del-CFTR 278
JE R 75 S b I LR & R, T i 3k F508del -
CETR WU GEA i 1 2 I 599 A% ; Laverty 2540 0] % BRL
1E 5 1 B SEE G /NS CFTR 383K U8 J5 7T LA S35
A R R AL 94 G 1 43 I 38 5 Lhoste 45 58
KB CFTR 38 33 (5 B A 30 v /NS 106 2 A e a4 o it
A1 328 30T 3 /N O R T 5 Hoste 251 B 5% 2 BH A T
7 U RENS (/N RV CFTR 26 38 272 i 1 2
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AR,

PRI R4 7 9842 224 R Joi IR e L R HE B AT B Y
o ST S ST 53| 2 0 200 ) A 4T 28 R A RO (un-
folded protein response, UPR ), GRP78., ATF6
PERK ,CHOP “/E 77 UPR (Y 88 11 DL K T
et A F R R E R AYT S M & ERS 1Y
R R T EEAEA, O CEIE ERS fig

EJHHE CFTR 1315, Bartoszewski 56 A\ & PUAE S
Calu-3 \HT29 T84 —F 4 i il 51 & ERS J5 CFTR
mRNA KRR I8 B A R CFTR FEARES
H ERS MYAHIC R T2k &, HIESE T ERS RBA%
P CFTR Ay263k17°7 ) 1 Hey fiES R ERS HE £
AT —LefGE , Yu U ERFGE N HepG2 AU 41
PRAS & B Hey figiid ERS 105 FFF 40 (4 34 5 5 AR
T 2 A BF 9 2 W Hey AT AT 1R F W40 i
CHOP 4§ ERS KR A"

T TR Hey 5158 CFTR 8 35 W A% /9 B AR AL
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B HE ERS #H 3¢ 38 45 ( GRP78 | ATF6 . PERK , CHOP
mRNA 7K ) b IEF % FRZH AT ApoE =~ X B4 i 3%
B AT A gEd: £ B, TS, fEBE LS Hey
IR, B 4141 GRP78 ATF6 . PERK , CHOP mR-
NA 7K B 2 FEAK, #278 HHey 51T ApoE ™~
BHERY ERS, FRATTHE M 4087 T /N BRUE IE GRP78 |
ATF6 PERK ,CHOP mRNA 7K ¥ CFTR mRNA /K
YA M, R B e = - 0.7192,
-0.5501, -0.7772, = 0. 6785, ¥R M AHE, XFE
B HHey £ 5142 ApoE =~ FRUEF I ERS J&, ERS [
KFEHF AT REME— 51 T ApoE ™~ FUFJIE CFTR 2
IR,

25 L RTIR ARSI A9 K B HHey W] RE7E 51
ApoE "~ BUEIE ERS JG it —2 5 T ApoE '~ RUH
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