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[ Abstract ] Background and purpose: Inhibitor of apoptosis-stimulating protein of p53 (1ASPP) is one of the
ASPP family. It binds to p53 to inhibit the transcriptional activity of pS3-target genes and cell apoptosis, which is asso-
ciated with tumor formation. Previously, we found a new subtype of iASPP, iASPP splice variant (iASPP-SV), which
is a nuclear protein containing 407 amino acid residues and can bind to p53, inhibiting p53 transcriptional activity.
However, the relationship of iASPP-SV and breast cancer is still obscure. Therefore, the purpose of this research was to
study the role of iASPP-SV on breast cancer tumorigenesis and progression. Methods: 5’-rapid amplification of cDNA
ends (RACE) was used to identify the 5’-end of iASPP-SV mRNA in MCF-7 cells. HEK 293 cells were transfected
with pFLAG-1ASPP-SV and pFLAG-1ASPP (828). Then Western blot was used to identify whether endogenous iASPP-
SV was expressed in HEK 293 cells and 8 types of human tumor cell lines. This study established the stable clones of
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NIH 3T3 expressing FLAG-iASPP-SV and FLAG-1ASPP (828). Cell proliferation assay, colony formation and soft agar
colony formation assay were used to identify whether iASPP-SV and iASPP (828) can promote cell proliferation and
iASPP-SV is an oncogene. Real-time fluorescent quantitative polymerase chain reactive (RTFQ-PCR) was used to de-
tect the levels of iASPP-SV and iASPP (828) mRNA in primary breast cancers. Luciferase assays were used to identify
the relationships between iASPP-SV, iASPP (828), p53 and NF-«kB p65. Results: The study identified that iASPP-SV
was encoded by previously reported NF-kB p65 subunit (RelA)-associated inhibitor (RAI), and endogenously expressed
in many human cancer cell lines. Analysis of cell proliferation, colony formation assay and soft agar assay for colony
formation identified that similarly to iASPP (828), iASPP-SV promoted tumor cell proliferation and acted as an onco-
gene. RTFQ-PCR result showed that the median values of iASPP-SV and iASPP (828) in breast cancers with wild-type
p53 were more significantly over-expressed than those of mutant p53. Luciferase assays showed that iASPP-SV and
iASPP (828) could suppress NF-kB p65 transcriptional activity. Thus iASPP family may participate in the regulation of
p53 and NF-kB activity, which imply that iASPP perhaps shows pro- or anti-survival activities when it interacts with
different proteins. Conclusion: These findings indicate that iASPP-SV may be a potential target for breast cancer thera-
py-
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[ AR 0B F2 W) AR T (American Type Culture
Collection, ATCC)T;E%@E , BERTEAE10%E4
M7 BB #2 3 (Dulbecco modified Eagle medium,
DMEM) ., Fr A Jat & 1 L i i 40 28 SRS ) 3
JETEFARTEWEE, I HbseE st 7R ER
R g 5 e S i he W 5 i A A6 2% D1 2 it
. HEK293 2 fid iy oL BE AL R~ Ao 1 e e
WEFT I oA oT =428t , HKE293 40 i Hiks 77
T 10% K i a4 1L iE R DMEMH
1.2 3|¥FaHik

T 92w %2 o6 & & R A R
J(real-time fluorescent quantitative
polymerase chain reactive, RTFQ-
PCR)W B WL IEGAPDH(Forward
5’-CCACTCCTCCACCTTTGAC-3’, Reverse
5’-ACCCTGTTGCTGTAGCCA-3’). iASPP-
SV(Forward 5’-TGTGCTGGTTGTATGCCC
TGGAAG-3’, Reverse 5’-AGCCGGAACAA
GAGCCCATCAGA-3’)F1iASPP(828) (Forward
5’-TCTCCTCTGGCCAGCGACCG-3’, Reverse
5’-CTGCGAGGCAAAGTGCCCGA-3"); H
TiASPP-SV 5°-RACEM 5| ¥ f$5: GSPI
5’-AGCCGGAACAAGAGCCCATCA-3H1GSP2
5’-ACTCCCTCTCCACAACTTCCAGG-3"; H
TPCRIY G| Y t1451ASPP(828)5°-CGTAGAATTC
CATGGACAGCGAGGCATTCCAGAGC-3"; H]
TR SR R 5 | ) A1 451ASPP-SV (Forward
5’-AATTAAGAGCCCATCAGAGGACAGGTCC
CCAGGAGACACCCAACACTCCCTCTC-3”,
Reverse 5’-TCGAGAGAGGGAGTGTTGGGTG
TCTCCTGGGGACCTGTCCTCTGATGGGCTC
TT-3"). 1ASPP(828) (Forward 5’-AATTAGCAG
GGAGCTCCCGAAGGCGGACGCTGGCGCGT
CGTAGGCTGTGGC-3’, Reverse 5’-TCGAGC
CACAGCCTACGACGCGCCAGCGTCCGCCCT
TCGGGAGCTCCCTGCT-3")f1iASPP(common)
(Forward 5’-AATTCCGGTCAGCGCCGCGTCC
AGGAGGAGCACCAGAGGGTTGAGGCG-3,
Reverse 5°-TCGACGCCTCAACCCTCTGGTGC
TCCTCCTGGACGCGGCGCTGACCGG-37),

T LA A0 351 ASPP -4t A B 58 BT A (sc-
74941, W H 3 [FESanta Cruz/A ). B —actinfi,
PN BESLR(AT1978, g A 32 [ Sigma s 7))
FFLAGRPT N e EBUARF3165, 14 FH 3EE
Sigma/\ ),

1.3 FRAaE

¥ FLAG-iASPP(828)[Fiki: JFikiPCMV-
iASPP(SC318309, 4 H 3£ E OriGene/\ )il it
PCRY#4, If HIEPCR™ ¥ 5% ApGEM-Ti#
B, ZJFMHEcoR 1 FiXho 1 X)WV va [ 3]
FLAG1-pcDNA3, #J#FLAG-iASPP-SVJiiki :
F UL 5 H TRIzo Ik 7] (1 H 22 [E Invitrogen/y
AP SARNA, I RNASEEE FIVREE
2 ug B RNAMBEALG W47 I s o It
eI (E XFES): 5°-GGAATTCCAT
GTGCTGGTTGTATGCC-3", & XLJF4:
5’-CTCGAGGTCAGCCTCAGAAACCTC-3")H
T4 14iASPP/RAL (AF078037)f%774~2 028 1
Bt, MR ZE M50 uL, {3452 uL cDNA.
2.5 U La Taq(Takara) #1125 pL 2xGC Buffer I, PCR
RV TASE94 °C, 5 min; Z5PE94 °C,
45 s; JBKS50 C, 45s; EKT2 C, 90 s;
6 MBI, ZJG1ET500%IRTFQ-PCRIY & 4:
Fie AR ERR P EfTPCR: 94 C, 45s; 56 C,
45s; 72 C, 90 s; 30MME¥ ., PCR™ZW 54k
pGEM-Ti#E#:, 2 J5HEcoR IHIXho TR
SeEFIFLAG1-pcDNA3, gtz SUiokr, it
5% iASPP-SV/iASPP(828) )z X AT AXT, 5
pcDNA3ERE . I kL2 o 0 7 51
1.4 cDNA 5’ -FKRigREH & (rapid
amplification of cDNA ends, RACE)

B 3K5°-RACE kitif5f £5(18374-058, 4 H
% EInvitrogen/A &) 4168 45 F TRIzo i 5
REMCF-740 il S RNA, Jf-l 72 RN A4l JiZ il
W B, AR S PEIASPP-SV S| GSP 1 53 i
RNA, ZJGTEACTPAAAE T HAR Ul E A% R R
R . IR A5 F S -RACER & finJe
S| Y FIASPP-SV 5| ¥ GSP23E 4 icDNA, PCR
PR pGEM-T Vector(A3600, 1[4 26 [
Promega/A ), ZJaiFATilT .
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1.5 RTFQ-PCR#%#7
FHTRIzol( H & [E InvitrogenZy w) )17 $& 4L
41l EiRNA, DNAJJTURBO DNA-free™ (Il [
JE[E Applied Biosystems/y F]) 2Bk, 1 ug RNAH
iScript cDNAG 357 & (W B & [E BioRad /2 7))
SR S ieDNA . $2 B R R UL B TRTFQ-
PCR, 5 iASPP mRNAFFX & 2“2 3,
TESR A FLEE T, AACE=ACt pS3%F A= BUZL AR
FEH L — ACt p53587 B RIZ LML
1.6 HMlp53EERT
Wt — X R 5 % 51 W (IE LT A
5-TGCATTCTGGGACAGCCAAG-3, K XJ¥
5: 5-AACATCTCGAAGCGCTCACG-3)3¥k 4"
Hap535h i FA~110)—1~682 bpiy i Br. TEALE
10 uL ¢cDNAF12.5 U pyrobest DNA polymerase
[ A F A TRORE)ARA R ] #7100 pL
k&, PCRY #p53 7 Bt. Akt RTFQ-PCR
Wi B IR R AR, FERAEAT, HE
RTFQ-PCRI
1.7 &g
oAl h L3 mL5E 4 FHFEW,
Hisx10°~10x10° 7 4iffd ., 12~24 hi5, H
Lipofectamine 2000(1 [ 3% [E Invitrogen/\ i)
5942 ng FLAG-iASPP(828)5{FLAG-iASPP-SV
Fiki. R T AR FRIBFLAG-1ASPP-SV Al
FLAG-iASPP(828)NIH 3T34Hfl %, Y51
AL 1500 mg/mL G418 AR ik 4 il R 2~4
S, Ffam kA BR A Rk kB e s
1.8 ZHREIEIESHT
FE96 LA A LA 1 x10°~2x 10* N4,
FLIMA10 pL Cell Counting Kit-8 (5 [ H A< [w]{~
T2 5T BN, TEAR G FR A N Ak iR
1 he MBI, AR A 7E450 nmih il
WO RE(H
1.9 TEPERRER
BOSBUE KA 414 £110 ecmii)F
M, FE37 C. COARFSTEN 5% Hy i 46
FiFR10 do ¥EFREE R, H0.5%45 i 22 gL 5 F
FHAR) 5 0BT T A A L% 5 K T 40 19w b
H.

1.10 FIRREE R AIN TG

2x 10N 54 0.35% B IS Wi 19 0.4 mLES
FEWIRS), A EI12400k, %&:£L0.8 mL%0.7%
FHFEA B AL BIE S . 7637 °C . COMRB
BORHS%REA TR E 3G, A BT
FAME H R T40 1 o pE%k H o
1.11 ZEB [ & ] Epifrik(Western blot)EL&

WCER AL, FH 4 58 W RIPA S i A
PRWCEEA, MEWE ., SDS-PAGEHEL HL Ik
Oy, RS EPVDFELDIE, EHPA, 43l
PAL = 1 000F B iASPPEHT A BT BT 14 (sc-
74941, W4 H 3E[ESanta Cruz/y 7)) LFLAG 3L
NIREBEPLIAR(F3165, T A 3 [H Sigmars /)it
TiE, PBSTUERES, MAZHEIRIET .,
PBSTUEME & b AL Y
112 RAEHREEELR

ELYLRT24 hiIE{LHEK293 40 il 3114k, 7F
DAFL MR A FLEE RIS X 10NN, 75 40 i ik 3]
60%~70%Rl & EEmE, K HLipofectamine™2000
X, FKpFLAG-iASPP(828). pFLAG-iASPP-
SVHIpFLAG-P5341 il 5pFLAG-P65, 200 ng
BN E B S LI FI30 ng pCMV-B-FFL
LA YL HEK 293 40 g, 34 E fL. #5Y
J524 h, SO0 R BRI AR g (0l A 5L
Promega/ v )il 22 %€ ' 2 B AR X 06 1, $c BR
Luciferase®Reporter Assay Systemiji 45 5E1T
PRAE
1.13 it

JHSPSS 11055 Hr e s dldis . X & A
fFESHER R AN, R HEA R AESHR
RS, WL BRI A ek B, 454
6] 3R 7 22938 P<0.05°8 22 56 Geit2F

2 4 R

2.1 iASPP-SV mRNAMI5’ 5K i 5 5
iASPP-SVFIiASPP(828) 1 X H 7E FNH

s ANIA, FRATE Y5 -RACE s FEMCF -7 4

MEEiASPP-SV mRNARS K, FfilJF .
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ST-RACE™ ¥ IF o A& R IE 1, LH

5RAI(AF078037.1)JL-F-#[A] . iX#HHIASPP-SV

E Z A Y4 R A5 B 0> (National Center of FASPP(828) 4 i [l — 4~ JL N F% 5%, iASPP-SV
Biotechnology Information, NCBDf2{itrt 4=+ HRAIF51(DQ986418.1)Zm it .
G DR SR s« 1ASPP-SVIY S K vify
el GmCGCG;TEGG;;?TCKX_ﬂ-. iGGTCGmG:IGGCGGCEGGCT GTG?ITCTC(_('C;';CPZ"(I;;J:I;T;CCLG@CI ACAACCAGCACATGATTTTCTGIGTGACCTCAGGGAAGTTC
v‘ il nli \ ' H \H Il \ U
‘.wu,‘ It I yH \ '

“A 130 !rls “ o 3 0" l M(lh ‘”240 “‘ *’77”7

‘HH ” il M w" n " umu Il w “w | w‘ﬂu a“” n w‘\\‘w | u

I H u )\ m | m (i m I ‘ M “ » i m m ‘\u

\ Il | \ H w\‘ u\‘ | f
hﬂhllhlhm il fw'» » " " Uil
A n"“w (AN ARRAA A, 1 “ "h‘ “‘\“ “"‘u‘ﬁ H il ) “ u
N\/\/\ MJMM A”M 'MM M i Mﬂ}\ Q1 f\(\ M\MM [
B 1 5-RACEXIASPP-SVAIDNAF=HIIF
Fig. 1 5’-RACE products of iASPP-SV were confirmed by DNA sequencing
2.2 ZFhRPEELEAE =Rk MR EIASPP-SV
o S NSy R O VN o

PEIASPP-SV, Fef14 5l P i ASPP(828) % & &
IASPP-SVIFHHf AZIFLAG tagJORL T (H2). 45 o & &
pFLAG-iASPP-SV fIipFLAG-iASPP(828)/} 4 o ¥ & ¢ .
R HEK 293410 . 5 4 HHEK 29341 it e =
iASPP(828)A1#LiASPP-SVHLAK P~ 55717 K2y 00
105 10°F155x10°, Ff: FLIX A~ 4t 76 S T g 4 - = Edd
WA AR (FE13). T B B P 2 S A o
iASPP(828)FIiASPP-SV, F&A 143544 i ASPP- 1000 bp

SVHIiASPP(828) ) iz S i ki #MCF-7 4 ifd .
55x10°F1105x10° 8 [ B b, [AIFiASPP-SV
FIASPP(828) mRNAW s/ ([&4), kg%
B, 55x10°( 4547 2iASPP-SV, FfH AKX LR
Jifid A 3R 218 N PEIASPP-SV

2 Western blotSE38 18I AIpFLAG-IASPP-SVF
pFLAG-IASPP(828)&HiL
Fig.2 Western blot detected the constructed plasmids pFLAG-
iASPP-SV and pFLAG-iASPP(828)
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¥ X had
HEK?293
150 kd

iASPP(828) o
100 kd

75 kd FLAG

iASPP-SV —
50 kd

iASPP

3 Western blot3EBa#6: A\ 25 BhyEE 2 B 2 FRIASPP(828) FRIASPP-SV i R ik 7K F
Fig.3 Western blot detected the expression levels of iASPP(828) and iASPP-SV in several human tumor cell lines

-
s @"3’ 1.5+
& & £ - . . 3 iASPP-SV
T TS & T4 mmiasees
¢ & ¥ 7§ g -
.= 1.0
— — — 1100 kd A 1
iASPP et 75kd g‘
= waae N  We— — 9054
— — W— 501 2
—— e ——— = = .g
©
~ 04

A \n A D g
S P R A

@o Q‘Q QQ QQK %,3'

¥
CUNCHE
] QY'
4 Western blotSE 346 2 LASPP-SVHNIASPP(828) i /2 X B4 fRiIASPP(828)#lIASPP-SV#&iA /K F, PTFQ-PCR&MIIASPP-
SVFIIASPP(828) mRNAZKF
Fig. 4 Western blot (left figure) and RTFQ-PCR analysis (right figure) demonstrated that plasmids of antisense iASPP-SV suppressed
endogenous iASPP-SV expression in MCF-7

*: P<0.05
2.3 iASPP-SViEit B AENIH 3T31E5E s B
AT ¥ St ar 7 RaE FIAFLAG-IASPP-SV A o ok
FIFLAG-iASPP(828). AE7E500 pg/mLigti65; % — —
HE I BYNTH 3T3SEFE(KIS). AN B A 45 m o o S S PP
FGR, iASPP-SVFIASPP(828){E#ENTH 3T34 FEFr PSS
M (PE6), I EL o e R BB BT T 1 & &gy
Sy FBHiASPP-SVIiASPP(828) iy B 1 1k 1
(7). 5 Western blotSt38 38 #3& HI R E RIAFLAG-IASPP-SV

FIFLAG-IASPP(828)HINIH 3T34HA &
Fig. 5 Western blot detected the stable clones of NIH 3T3
expressing FLAG-iASPP-SV and FLAG-iASPP(828)
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Relative cell viability

W
1

% -e- PFLAG
-@~ pFLAG-iASPP-SV
—&— DPFLAG-iASPP (828)

E 6 MAmitEiti SR NiaERIEFLAG-IASPP-SVAN
FLAG-IASPP(828)KJNIH 3T3ZHMI R 0, 2. 4FI6KAILMAmIL

FEIE R

Fig. 6 Cell proliferation of NIH 3T3 expressing FLAG-iASPP-

SV and FLAG-iASPP (828) was assayed with cell counting kit-8

*: P<0.05

assayond0,2,4 and 6

PFLAG PFLAG-IASPP-SV  pFLAG-iASPP (828)

2.4 iASPP-SVZEp538F A BIZ IR FERIE L
Jui FHIRTFQ-PCR [ J7 32 K I 5t & 1 L g
2HZ1iASPP-SVHliASPP(828)mRNA Z ik /K-
S5 RRW], pS3EAE R FL R 4L ZLASPP-SV A
iASPP(828) ik /K- Iy i [ p53 58 A8 7Y ik 2%
TE, I HiASPP-SVZiA/K - 5iASPP(828) %
IEAHIR(EI8),
2.5 iASPP-SVil#INF—xB/p65aIHE FiE 4
IV S = o A=~ S A g |
iASPP(828)F1iASPP-SV 5NF-kB/p651 5 %
LERLW], pS3. iASPP(828)FIiASPP-SVERfE &
NF-«B/p654% & I H A% 5iiE 1 (K19)

Number of colonies

PFLAG  pFLAG-ASPP-SV pFLAG-iASPP (828)

B 7 TEPEM AL FNERIRAE ST L A SR EE A IR E RIZFLAG-IASPP-SVFIFLAG-IASPP(828)FINIH 3T34h i R MR RO SEPETL AL R & 7%

TRk RE

Fig. 7 Colony formation and soft agar colony formation assay were used to detect the clone formation and colony formation ability of

NIH 3T3 expressing FLAG-iASPP-SV and FLAG-iASPP(828)

*: P<0.05

Relative expression level

59 P=0.003 7
) P=0.000 4
4 -
A
L ]
3 o & "
L] &
e .
2+ ™ v
- 2 ;% s
T g s
‘ A v
0 L] L] L] L)
p53  WT MT WT MT
iASPP-SV iASPP (828)

E
1

Relative level of iASPP (828)

2 3 4 5
Relative level of iASPP-SV

(=]
—_

8 RTFQ-PCRILL&# i E & 2L AR EEIASPP-SVFNIASPP(828) mRNARE K F
Fig. 8 RTFQ-PCR detected the levels of iASPP-SV and iASPP(828) mRNA in primary breast cancer
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. FRBLHIASPP-SVE: 53 MmN TR

400 4

300 9

200 4

Relative luciferase activity

100 4

0}
Luc-reporter + + +
NF-xB-reporter

+ +
pPES (ng) 02080 02060 20 20 20 20 20 20 20 20 20
pP53 (ng) 0 20 60 0 20 80
PIASPP-SV (ng) 0 20 80 0 20 80
pPIASPP(828) (ng) 0 20 60 0 20 60

B9 WhEIREEEZIIEKMP53. iIASPP(828)FIASPP-SV5SNF- « B/p65HI* %
Fig. 9 Luciferase assays were used to identify the relationship between iASPP-SV, iASPP(828) and p53 and NF-kB/p65

When NF-kBp65 was co-transfected with pFLAG-iASPP-SV, pFLAG-iASPP(828) and pFLAG-p53 respectively, the transcriptional activity of
luciferase reporter gene decreased, indicating that p53, iASPP(828) and iASPP-SV bind to NF-kB/p65 and inhibit its expression
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