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(I14) . 4338 RT-PCR A G e 4 U 220 R I A4 5 ALR Cyt € APAF-1 | caspase-3 . XIAP i mRNA Fl&
HFRE, R 130 AREAA 14 DK 3 EMEZURME, Mg LA HR 10. 77% ; b 7 R R A FLIRET 48R
8,7 HORAEZR N, B BN R A R 5.38% , REAMEE R, 5 1AM, 114 AIF, APAF-1,
caspase-3 £ [ 31K W E RN (P <0.01) ,Cyt C . XIAP S H KRB WEW IR (P <0.01), M4 AIF, Cyt C,APAF-1,
caspase-3 #E [1FRIEH W E W (P <0.01) 4 XIAP & [ 3R35 W (P <0.01) ; 5 1 AAH L, 1T 4 AIF, Cyt
C .caspase-3 % iAW E W 59 (P <0.01) , APAF-1 XIAP & [ ik b E 88 (P <0.01) . RT-PCR 455 k&
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[ Abstract] Objective To investigate the expression of AIF, CYT C, PAF-1, caspase-3, and XIAP in Sprague-
Dawley rats with spontaneous mammary neoplasms. Methods  One-hundred and thirty 3-4-week old SPF Spargue-Dawley
rats ( 22 8 =1:1) were fed in a specific pathogen free (SPF) breeding barrier for 60 weeks. The occurrence of spontane-
ous breast tumors was recorded and histopathology was performed to identify the types of tumors. The rats were divided into
3 groups; rats with normal breast tissue (group 1), with benign tumors ( group II) and with malignant tumors ( group III).
The expression of AIF, CYT C, APAF-1, caspase-3 and XIAP proteins and mRNAs were detected by immunhistochemistry
(THC) and RT-PCR assay. Results Among these 130 SD rats, 14 rats were observed having spontaneous mammary neo-

plasms with the incidence rate of 10. 77% (14/130). In these neoplasm cases, 7 cases were mammary fibroadenomas, 7
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cases of breast carcinoma, both with an incidence rate of 5. 38% . Immunohistochemistry showed that, compared with the
group I, the positive expressions of AIF, APAF-1, caspase-3 were decreased significantly (P <0.01), and the CYT C and
XIAP expressions were significantly increased in the group II. The positive expression of all genes except XIAP was de-
creased in the group ITI(P <0.01). Compared with the group II, APAF-1 and XIAP were significantly higher in the group
II (P <0.01), and the positive expression of AIF, Cyt C, and caspases-3 were significantly decreased (P <0.01). In
the results of RT-PCR assay, except APAF-1 which showed significant correlation with the results of immunohistochemistry

(P<0.05), all the others showed an extremely significant correlation with immunohistochemical results (P <0.01).

Conclusions

Mammary tumors are most common spontaneous neoplasms in SD rats. Abnormal expression of mitochondrial

apoptotic pathway-related factors AIF, CytC, APAF-1, caspase-3, and XIAP are correlated with the carcinogenesis and de-

velopment of breast tumors.
[ Key words)
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YR A R T [ SYXK (1) 2014 —186]) ., 5%
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(PBS) APIEERRENGE Mk 2 R =R B R IR -
R E A (SABC) ik 57 &, Total RNA extractor
(Trizol ) /7 & , S % s 13057 & (RT reagent kit with
gDNA eraser) , %6 & PCR 35 & (SYBR Premix

Ex Taq) 4§,
1.2 FHi&
1.2.1  KE A & MEZLIR MIE i A

SEEG TN 60 A, K EURIFRTE SPF BREEIASE
13 JEAFEG A 4 B fihi2, 0 % A IR AT D0 8 i ik
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ML A1 FE T A K B B i 54, 60 J )5 R i Ak
B, FIRRIAS 7, H KoK, HE R I A 2%
I ES P22 R AT R T (JRR 55 O 40 ~ 60 mg/kg) .
it BRI A, LR i e Jo b S UL, 1 B 5%, B
A T H T RT-PCR A5 , A FH 49 R ]
E o
1.2.2 HYURHF

WA PIF S pm, HAKSHHEL(HE) Y
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wm, 28 H ORI e A B TSRS B K e AR R 2 B
3% %) H,0, EHA 20 min, il B PR, R
BN 5% (1) BSA E A 37°C B 4] 40 min, % i —
PU,4°C LR, NPT, 37°CHER 40 min, i N6k %
ME - P SABC A ,37°CHFE 20 min, LA
THERIET ENG (5% BSA JEBRAN) #1120, 01
mol/L PBS (pH 7. 4) 8%k 3 K, &K 5 min, WEE
A DAB {6 B (A% .46, WAL AR i 30 min, 3]
TEBE TWLEE 48 W (A [a] 28 1R /K 41k i (5, BB JEE
WAS K, —H 2R B i e R, H PBS AR
B —BVE R BAERT IR
1.2.4 RNA #2H

FURR R 21 20 25 Y RS I, 2 R U B 5 e
RNA $EHUR & (total RNA extractor, Sangon ) $&HY

F1 BPOLE L PCR KI5

&L RNA AR T - 80°C HEMH, 1. 2% Biifig bt
JE FL KRG RNA SE 8
1.2.5 SERFHOGRE R PCR

FEUUP) RNA i /2 %% 5% 057 &5 ( Prime script
RT kit, TaKaRa) 2% 5% i cDNA H-Aif77 T - 20C .
HRAE € & PCR R 92 2 )6 € 1 PCR 1Y ( Bio-Rad
CFX96) J7 41 6 I & e >k #E 47, 76 & A 2t ek}
(SYBR green I1) Mix ,cDNA DA K |- FiiE51¥H0 25
L B AR &R AT IR 4T . 95°C T AR 3
min ;95 °C 281 10 s ;iR KORE LK 1 278 30 s;72C
FEAH 10 s, A8 M Bk SEARAE 40 DMEER 5 72°C
THEAH 10 min, FIF5 KA KLSEILE 1, PCR
PR SR T 1% TR R e H DK R DU P R
IR LI AN E SR SR E .

Tab.1 Sequences of the real-time fluorescence quantitative PCR primers

HEH TSI -37) PRI B/ bp BRI/ C
Genes Primer sequences Product length Annealing temperature
. F 5 TGACGTTGACATCCGTAAAGACC 3’
B-action , R 116 57.6
R 5’ TGCTAGGAGCCAGGGCAGTAA 3
F 5’ TTGGTCTGGTGGATAGTAGTTTGC 3’
AIF 162 59
R 5’ CAGGGTCACTGGGAGGGATT 3’
F 5 GTGAAATGTTGCTCCTGGTCTGC 3’
APAF-1 172 62
R 5’ CAATCACTGCCAAATGGTCGTAG 3’
F 5’ ATGCTTACTCTACCGCACCCG 3’
Caspase-3 167 60
R 5’ GAAGGACTCAAATTCCGTGGC 3’
F 5 ACCAAGAAGGAGATTGACCAGGAA 3’
CYT C 114 59
R 5’ ACAGACACCGATCAGAATAACCCA 3’
F 57 GTGCAAGAAGCTATACGAATGGGA 3’
XIAP 159 57.6
R 5’ CTGACTTGACTCATCCTGCGAAT 3’
1.2.6 geitotr THaOER B e il R FLR AL . P HUE S 2 5

G AL B A VAT RE I 3 skl A,
DI AL E 5 ST, AE 68 200 A5 OLEF T
T BRI AR e 2 B (., BOH S AR M B
ZUH TR L8R . RT-PCR 45 5 F s 8 AR &
i IR FIR

SIS EHE LI £ AR 22 (X £SD) #oR, R
JH SPSS 20. 0 B3 47 J7 22 53 B (ANOVA ) FAR
PERUAE i GE T o B g 4L il RT-PCR WM, P <
0.05 HEFAGIFE L,

2 #HR

2.1 BRMIBEMELEERR

130 2 SD KR A 14 21 [ % PEFL g i
S MEME R & R MR R R 10077 % |, Herb FLIR
Y 7 W7 HOR AU (3 BIFLARARE 2 BiEL
RRFLSRIE 2 iR ) . FLUIRMIE 2 R4

IR WA, HiE 1 ~7 em A%, HE 4efa i
7L AT AR I AT B k1) 8 A= 1) [B) T 45 4 AL 28U AT
oK 20, B E/INVE DB IR (B 1A)
L A A2 4 3 2 DL R AR RS, /N P
1 H) 2 A% A AZ G AR AN — | AR B K
INAEI(EB) . FLRRFLIRIE DL 2 2 08 L R
YUMITE R o, B AL T b, A 22 0 SRR BN, £ 4
LA AU WL E Bz A S R L Sk RS (B 1C)
TR A e g 240 B A A s PN B A K T L ) 45
Rl () L 12 28, AN 22 T PR 38 i, A% 5 b3 s, 4 g
BRI S (B 1D)
2.2 RANER

FLIRA 412 SABC 6 d ta 7 b s 45 I PH A
YR (K 2) s, SAIEEFER TR
g Rk 2 Fon, IEEFALRAL (1 4) 5
L L I i 98 4H 4 (10 4H) AH Lk, AIF . APAF-1,
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caspase-3 £ FIFA ] Wk 55 (P <0.01), Cyt ¢ XI-
AP BB B EWIR(P <0.01) ;11 45 BMEFLIR
JRE 2HZU (1L 2H) A B, AIF [ Cyt ¢ caspase-3 £ 13
AP I ES (P <0.01) , APAF-1 XIAP %A

FHEGE (P <0.01) ;1 415 11 41 b4, AIF, Cyt ¢
APAF-1 | caspase-3 & [ K BB U B I 5 (P <
0.01), HA XIAP HEF3R5 B E WM (P <0.01),

A FUREHERVR B, SLIRIRE ;. FUIRFLIWE D, SLIRR AT S8,

1 SD KRR A APEFLIRIE HE Ze 6

Note. A. Fibroadenoma; B. Adenocarcinoma; C. Papillary carcinoma; D. Infiltrating ductal carcinoma.

Fig.1 Histological appearance of spontaneous mammary neoplasms in the SD rats. HE staining.

£ 2 AIF Cyt ¢, APAF-1 Caspase-3 XIAP 7E SD KR ERFLIRA A Ik (2 £5)
Tab.2 Expression of AIF, CYT C, APAF-1, caspase-3, and XIAP in the normal, benign and malignant tumor groups

2051 AIF Cyt C Apaf-1 Caspase-3 XIAP
Grous
IE#2H (n=5) Normal group 12.74 0. 83 2.34 +0.33 9.87 +1.91 6.60 £0. 04 3.75 0. 68
KRN (n =7) Benign tumor group 4. 18 £0. 65 * 6.63+0.79 " 2.71 +0.98* 4.43 £0.10" 8.52+1.47"
VLI (n =7 ) Malignancy group 3.06+0.72" 1.64£0.19" 5.16£0.91" 3.03+0.11" 15.21 £1. 4%

W RN G IEE A2 R A B (P <0.05),

Note: * Difference is significant (P < 0.05) in comparison with the normal group.

2.3 mRNA HITFRIEER

2IGE 1 PCR Kzl 25 P F-7F 1,10, 11T 21 A AE X
FREWE 3 iR, 5 14 M, AIF, APAF-1
CASPASE-3 7£ 11, TIT 25 Hv it 3 1k 2 52 3% 9 [ I #4
BB RARENE(P <0.01) ; XIAP 78 11 4 R AEXT
FikEE N (1.28 0. 14) , Fk A BT (P <0.05) ,
76 1L 20 AR 4y (2,21 £0.39) , KA 2 & T+
F(P<0.01), MIXFF 141, CYT C 7E 11 4Kk

n29% 8AE 10 42> T 54% , 22 5547 35k
(P<0.01),

o AL 4G S 1t RT-PCR A3 8IUESE (% 3)
XFHMZER A mRNA 9 3R 35 5 8 1 0 Rk mt ik
TFAHEME SN BT, IR APAF-1 ) mRNA %35 5& M
TR B EMK (P <0.05) , HATHF mRNA HIXF %
IRHEARBEME B, R EMHX(P <
0.01),
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W T BRSBTS

B2 HIREREZEAFLH SABC fredifbi @
Note: I : Normal group; Il : Benign tumor group; Il : Malignant tumor group. A: AIF; B:Cyt C; C:APAF-1; D.Caspase-3;
E:XIAP

Fig.2 Target genes in different groups. Immunohistochemical SABC staining

F3  HIYHEA mRNA bk 58 AR5 A

Tab.3 Relationship between the target genes mRNA and protein levels

K Factors AIF Cyt C Apaf-1 Caspase-3 XIAP

K 2 %L Correlation coefficient 0.793 0.737 0.532 0. 862 0.932
P {H P value <0.01 <0.01 <0.05 <0.01 <0.01
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m IE % 41 Normal
25 B P40 Benign tumor &
&4 Malignancy T
2.0
1.5 1 * *

iT iT

AIF cyte Apaf-1 cas-3 XIAP

T " FoR HIEEHHM 2255 RIKA BETE(P<0.05),

3 LI ZHH AIF Cyt ¢, APAF-1 CASPASE-
3 XTAP B A i
Note. " Difference is significant (P <0.05) in compari-
son with the normal group.

Fig.3 The relative quantity of AIF, Cyt ¢, APAF-
1, caspase-3 and XIAP in the 3 groups
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iff S LR Mol 1 A A B VR A

81215 5 A ¥ (apoptosis-inducing factor, AIF)
SRR R ) —FP L PR EREA, E
SENL TR ASUZ R X ATF Al 3 i £ A 41
G RS 1 N AR | 5 YL (5 R4 AT DNA B KR
R VAR N T v i o b w1 B T 2
ATF 76 A [ f) il 3 20 20 rp 6 38 R AR ], T 8
2l 5 B0 ATF 76 T8 41 20 eP (0 26 25 M X F 16 3 T
2150 AR, T Urbano 25" FE 5256 op & B AIF
TELE H AL h Fak it FIE R 4140, A scH
ATF 7EZL R Mg i 3Rk B de 55 T 1IE & FLR 2L (P
<0.01) , H FLBEZE M9 40 R B W ARG 1T R A1, 27

FLIR IR A I T2 B ATF AR 2 98 12 A
1, HFRIRB 2 BN S b 2 AL, AIF
AL —Fh DNA N DI, ik 2 — M A A0 T, DA i
ANBASCHR Al DL ), B AEAS [ 2H 2 AN [R] i ggg v
TR 22 5 ATyl it — D5 BRI

AR C WEIUEERRRH T R E
TR S T B T R, 20
R C ] LINGORL AR TR A BT, I8 3 b i T
WA BRRMRAET BRI R Cyt o 7RI 4L
Zh R G FE @ TIEFHL, MAEARLR D ER
PERR L HIE R AAH A (A R C 3Rk
FIM T (P <0.01) , Wife kR A A, L E
WAL IR B (P <0.01) . XA HEH T
LI IR W e A I 200 S i 4 58 Al i [ B LA
(BT I8 5 R e W TR 3G 5 1098 L PR 1) 658 7 )
IS INANN (R C R AR ORI R B0
caspase ZLIHE N, DAY T4 G 0 1 5 1 2 P Bl g
IF AT RE H T 0 S AL R A R K BN B, oA
SEFF AR AN L (2R C T RE MR AT, U4 T2 32 B4l
e A

MR COBUR S — 0 A5 T 8 H R
T (APAF-1) 4545, APAF-1 54100 C 4545
WEGYS ATP/dATP M5 &R 2 RALH Y
T4 (apoptosome ) *) 1Ak caspase F ik, 1% T
WTRA ., EMEHE HFE BR APAF-1 765N
WL AR b Rk B R T IER AL, HEHT, 5L
J IR R UL APAF-1 BYAHOCHEFERIE . A8 S8 &
BLiE i RT-PCR &1 APAF-1 £ ) mRNA 76 7L
g v A TR W B AV T I R FLARZH 2L, D e vh
FoRHE— T W (HAE o 2 AL h AR R AA A R
HAW] AR T IR R FLIR A 2L, (H AR W g 41 21
FAREEW 5 T R MR 2 20 B TE B bR 2H 21
H mRNA BRI T HE AR IB AL, X )
AESE T H MR IA AN S T mRNA | 0] fE 2 J2 i
FAANNE b APAF-1 fF 42 U8 T 8 F sz 2 4, o
mRNA X A2 1 S5t LA e E

2P R A3 (caspase-3 ) JB T2 M & BRFE K4
RIRFE- Py e A g, 2N AT —2EH
JK bt IR AR R (TAP) R LA ) Lok i
Wik, B RE E IR A A SN caspase-3 HIAE M,
IAP JEME— NP caspase #4111 XIAP (X chro-
mosome-linked inhibitor of apoptosis) AP HFGEEH
HRRT T 2R R A R i SR A R 2l
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A O caspase-3 TEFL IR £F 4508 H 1 K 18
BEF TR, Yang 5 BFIERY, XIAP 7 7L
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JEMATE AT HOR L8 AIF CYT C APAF-
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