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B Rk KT MR B Ak PIMI A= hnRNPU 49 2BS #8908 % , 35 Al Western ¥ ik o 2 440 X B SUbE B 4 &, 52 3o4bom)
hnNRPU i & ik s+ PIM1 #6940 f st £ 69 % vh . R 52 ST Baart it Ak PIMIL 40 52 245 5 B K 48 L | p53.p21
Fao pl6 # kK iE B %3 A (p53,1=4.36,P<0.05;p21,1=3.814,P<0.05;p16,1=4.72, P<0.01 ) , 3 % 20§ 4 Yo 45 3% Aa (1=6.831,P<0.01 ).,
S LR IR T T 4 R 2R PIMI A8 2 %, 9% 0% hnRNPU % & . PIMI it & & 3 hnRNPU 49 mRNA & ik AP & A % vk
(1=0.295,P=0.783 ) ,42% 4474 hnRNPU % & #) % ik (1=33.85,P<0.001). %5 Rit &k PIMI fmfedart, B atit & & PIM1 A= hnRNPU
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Study of the mechanism of hnRNPU overexpression inhibiting PIM1—-induced cellular senescence

XIAO Ya—wen, YANG Jian—-ming

(Department of Immunology, School of Basic Medical Sciences, Tianjin Medical University , Tianjin 300070, China )

Abstract Objective: To investigate the molecular mechanism of proviral integration site 1( PIM1 ) —induced cellular senescence.
Methods:The human embryonic lung fibroblasts 2BS cell overexpressing PIM1 was constructed. Western blotting and senescence —
related 3 —galactosidase staining experiments was used to determine whether overexpression of PIM1 induced cellular senescence.
Immunoprecipitation combined with mass spectrometry was used to determine whether PIM1 could effectively immunoprecipitate nuclear
heterogeneous ribonucleoprotein U(hnRNPU) protein. The hnRNPU mRNA and protein levels were evaluated by real—time PCR and
Western blotting. The 2BS cell overexpressing PIM1 and hnRNPU was constructed and the effect of hnNRPU overexpression on PIM1—
induced cellular senescence was detected by Western blotting and senescence —related [ —galactosidase staining assay. Results:
Compared with the control group,the expression of p53,p21,and pl6,key genes in regulating cellular senescence were significantly
increased(p53,1=4.36,P<0.05;p21,:=3.814,P<0.05;p16,1=4.72,P<0.01) and the proportion of senescent cells increased(1=6.831,
P<0.01) in the PIM1 overexpression group. Immunoprecipitation combined with mass spectrometry showed that PIM1 could effectively
immunoprecipitate hnRNPU protein. PIM1 overexpression had no effect on hnRNPU mRNA expression (1=0.295,P=0.783 ), but
downregulated the hnRNPU protein expression(1=33.85,P<0.001 ). Compared with PIM1 group, the expression of p53,p21,and p16,key
genes in regulating cellular senescence, were decreased in the overexpression of hnRNPU and PIM1 group (p53,:=15.317,P<0.001;
p21,:=8.012,P<0.01; p16,:=14.08,P<0.001). Compared with PIM1 group,the overexpression of hnRNPU and PIM1 group showed
lower proportion of senescent cells(¢=10.38,P<0.01). Conclusion : Overexpression of hnRNPU inhibits PIM1 —induced cellular
senescence.

Key words proviral integration site 1; heterogeneous nuclear ribonucleoprotein U; cell senescence
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NGO E B RFNE KRR N 2 gk, 32
SR O EE G, TR 2200 R R AR AR
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ERHEABRA A 7 YLl VigoFect 14 F 4Ek% i
AR (b 50) 22 7] R R & A Thermo 24
Al 3 B=Actin PUIRIE H Sigma-Aldrich 23 7 5p53 .p21
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Tab1 Primer sequences
EIEZELs

pITA-PIMI-Forward

pITA-PIM1-Reverse

pITA-hnNRPU-Forward

pITA-hnNRPU-Reverse

FIHIFEFI(5'—3")
AAGCGGCCGCATGGATTACAAGGATGAC
AATACGTAGGAGGACCTGCCAGAAAG
AAGCGGCCGCATGAGTTCCTCGCCTGTTAATG
AAGGATCCTCAATAATATCCTTGGTGATAA

122 YRR O Rom vEtadt 2BS 4 293T 4 fit
R IR 40%~60% 0, F YL 1 h, B 48 3 e 4%
FRHE B 20 wg DNAL (psPAX2:pMD2G : pITA ) 5 %
(psPAX2:pMD2G : pITA-PIM1=4:3:2) 5 # (psPAX2:
pMD2G : pITA-hnNRPU=4:3:2) | HILAZS AR5 FR 5
P2 500 WL, B 10 WL VigoFect A ZS 115 35 5 M0
P2 500 pL, FIRACE 5 min, KR BUEAY DNA &
THIMAZRREG Y VigoFect, 127, 2 ICE 15 min,
BRI 293T 48555 YL 48 h Fl1 72 h ),
B IR 2BS 41,48 h 5 FANENS B Rk

123 ZifEsrdl  He Bl ERRRE 2BS 4ii)E  fF
YIRSy hys 2T R ZH (e A 25 3806 R Y 2BS 2 |
PIM1 ZH (3 523K PIM1 1) 2BS 40020 ) F1 PIM1+hn—
RNPU 41 ()i i3 3% hnRNPU A1 PIM1 ) 2BS 4
o).

1.2.4  Western EJ3l A il 5 ZAH G M p53.p21
pl6 DL K hnRNPU ik 7K P AH I A9 20 it 28 Tl v
1Y PBS ¥k 3 i J5, AT AL B 6 ) RIPA 24
R, VK 24 30 min, KFANIEEFE ZE EP &,
4°C, 14 000 r/min, 5.0 20 min J5H 10 wL F %
B BCA G & U] BT e & FAR M B3 m
A Sxloading buffer, &% ,99°C4: J& ¥, 10 min, 5540
B30 g HEHZ 10%SDS-PAGE HLjK (JE4IR 70 V,
SRESIE 110 V) i B I 785040 55, 25 ALk
P HFE R 2 PVDF B8 L (4475, 10K 110 V,70 min),
FH 5%BSA s s A5 1 h J5, W& AH R Y
—H0 (R BE LA 20 1:1 000),4°CHk7% , ] TBST ¥
U3 UK BRR 15 min, 25 R0 B R A0 T (R B L
53454 1:10 000)1 h, ] TBST ¥Ei4 3 YK, 47K 10 min,
PR RS

125 FEZAHIC B FUBH T Bl 2 €052 50 45000 44
WK B 1x10* MR Y40 EE AT 24 h $ERh &
6FLAR T, PBS YR 1 U, AT W, = I
15 min, 57 [ 22 U He B R) Ul I 5 E A T e
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IF 1A 200 i B0 Ay e 2 A L AL 2R /DA 5 S BEAILAL
TSI .

1.2.6  SIEVIVERR A TS B SEI0 A PIM 1A 4%
GPEUTHE hnRNPU 2 PIMI1 21552, Control 41
AR TR A PBS ¥k 3 i i, B 10 em ZHIEE F= 1L
FOMLA L mL 55 2 1 R R A 7] A SR A
JH 200 J 0K 40 M%) R 52 58 = EP A, 4 C LR
30 min;4°C,14 000 r/min, B5.0> 20 min B E3,
JIA 2 g PIMI $iLA&F1 30 wL. G—-Sepharose Bk T
AT HRPEDINE , 4CHFF B H 1 mL PRS2 il
THYE 5, fNA 30 pl 5xloading,99°C, 4@
10 min;4°C,500 g 5.0 5 min 5 4418 30 pL PEFT
10% SDS-PAGE LUk (R4 70 V, 7B 110 V),
I FEAR L) Ui I P A TR e o 22 S AR I
N TR 5T

1.2.7 Real-time PCR L5545 hnRNPU mRNA 3£
KK HEET 24 hF PIMI ZH 125 28 Control ZH 4
MusZ 6 LA, B 20 B 25 B A K & 80%~90% ,
A 1 mL Trizol, 2%f# 5 min, $& 1R S 42 HUE RNA
It-H Nanodrop 2000 43 FEHCEETIAG I B RNA e,
BT pg RNA 355 SRR cDNA, HE1 T30 90 1
PCR. 20 pL KW SRR A5 10 wmol IS4,
10 wmol TI#5 4, UltraSYBR Mixture, 40 ng ¢cDNA
BEHR , ddH,0 #hFF 2 20 wL; il ] Light Cycler 96
Real-Time PCR System #4745l , PCR F2J¥ 4 : 95C
5 min, 40 MEH(95CHFFH 20 s,60CHFF 20 s,
T2CHFE 20 5),95CHEH 5 min ; £ 45 i 274
NRGHE, DN RS K EK B-actin AN S,
PT-qPCR FiT 5 Wtk 2.

®2 PCRYBEMFRSIMFS

Tab 2 Primer sequences of PCR amplification target fragments

EIRZE SIFFI(5'—3")
h-hnRNPU-Forward TGGGGAGAGCTGCCTAATG
h-hnRNPU-Reverse AGTCCAGGAGCCTAATGACGC
h—B-actin—Forward CATGTACGTTGCTATCCAGGC
h—B-actin—Reverse CTCCTTAATGTCACGCACGAT

13 Zitaz® R Prism S EATEOE 04T,
FI A SERR AR EE A2 3 IR B A ks R o 24 [RIAH B
HEAER LR 207 2200, 2L TB) B BCR ¢ K6,
P<0.05 AZERAGITEE L,

2 H#R

2.1 PIMIl ¥ Rkt %  Western E[J 5k 52
WG R WoR, 523 AT LG, PIM1 20 41 ff 5
LHIEEH pS3.p21 Al ple ik B E LM

(& 1A,p53,1=4.360,P<0.05;p21,1=3.814,P<0.05;
p16,1=4.720,P<0.01) . A B—F-FLH G Lt
SLIRZE R R, ST B L, PIMT 41540
Mok m (P 1B,:=6.831,P<0.01).
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TE A Western F[JZE 52566 i 2255 PIM1 X 40 0 5 & AR ¢ 1R
IR MR, 525 806 B AH 1L , #P<0.05, ##P<0.01,n=3;B: %
AHSE B—FZ UM B UL (0 SE YA I e AR L], 5728 2800t R AH
L, ##P<0.01,n=3; Control : 25 2% HE L 4M it ; PIM 1« 3 33k PIM1 #Y
2BS 41y
1 PIM1 dRIXRSMEEE

Fig1 PIM1 overexpression promoted cellular senescence

2.2 PIMI1 #4878 2 . 9% 003 hnRNPU & & Hyi0
PELIRZE R R, 5258 Control ZHAH EL , PIM1 41 7E
43t 100 kD BN E AR 22 4500 (B 2A4) o F2z
S5 AT IR SE R , 25 R WO, S DLTE PR
#] hnRNPU(¥ 2B ).
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23 FOGH I ZEL 00 5 PIML : 3 363K PIMIL Y 2BS 4H il ; Marker: 25 (b5
i
E 2 PIM1 BB EZIIE hnRNPU
Fig2 PIMI effectively immunoprecipitated hnRNPU
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2.3 PIM1 it & i F 4 hnRNPU % & & &  Real—-
time PCR SC 55 25 4 & 3A w5 25 2% X g
ZHAH [, PIM1 2 hnRNPUmRNA 7K F K & 2k 725 4k,
(& 3A,1=0.295,P=0.783) . Western E[170F 5256 25
W 3B s, 525 46 B4R EE , PIM1 41 hnRN-
PU 2 /K i 3% T (18] 3B,1=33.85,P<0.001 ) .
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Fig3 PIMI1 overexpression down-regulated hnRNPU expression
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p53,t =15.317,P <0.001;p21,t =8.012,P <0.01;
pl16,:=14.080,P<0.001 ), FEHE B P FLHH T HF
e S g5 WA 4B fron, 5 PIML 414 L,
PIM1+hnRNPU £ % & 40 fd 9 /b ([&] 4B,1=10.38,
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Rikht

hnRNPU & (AR
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1 : A:Real—time PCR 23646 PIM1 %F hnRNPU mRNA FiAK IS, 54528 Control ZHAHLL ,ns: T EPEXE R, n=3;B: Western E[J 3546
il PIM1 % hnRNPU ZKF-A5200 , 5258 Control ZHAHLL , ###P<0.001, n=3; Control : 25 %] BEZH 2N if1 ; PIM 1 : 3 63k PIM1 19 2BS 4t

sk

PIM1 PIM1+hnRNPU

AN B (%)

T A: Western EFIESZE0AG I hnRNPU X PIM1 75 519 5 M G B (U FR 3R U 520, 55 PIMIL ZHAH LE , #P<0.01, #+%£P<0.001 ,n=3;B: ¥
3 B—PFUHH B (S B0 AG I 3 2 AM M AY L), 5 PIMI ZHAH L, *#P<0.01,n=3; PIM1: i 3k PIM1 Ay 2BS 4} ; PIM1+hnRNPU ; [a] i} i 36

i5 hnRNPU F1 PIM1 ¥ 2BS ZHitd
4 iFFIE hnRNPU ## PIM1 5 SH4R05EE

Fig4 Overexpression of hnRNPU inhibited cellular senescence induced by PIM1
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L AN B AR AE S R A B FLBEH il
USRI, AT E 15 405 A A (55 1
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FIAZ A5 20 M 348 5, 2 — 70 B 2 194 ek 0 sl ML ) e,
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SR 1T Jir g 5 DL () S T 5 S A AR
SE PRI 5 110 200 o0 e 5 s A e w9 A 4R
AP I PRI BLE] . PR, 7 T
R 50 2 0 o F-HLEL, A7 B T A TR AT fif
fifred 2 A AR B, I HAEWF o i bl g £k BT
B RS R AT SRR ik .
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a2 DNA (IRH L, 5 DRI AAFUE R pl6
FER RN, NIMFA L A&, SR, & L
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&, UL PIM 1 38 ] DL AL 75 540 0,
FEARFGE R, BB R A R ) West—
ern ENIEFIGE ARG B—f- ZLWH 1 il 4L €0 50 00 Uk 5
JREE LR PIMI REAR HE W il o 21 24 40 it % A
Zo KT HE L] PIMI 5S40 M0 5 2 0 4 F AL
il , 2 FHRAES PIM1 455 0 M, I DITE Rk
A B AR 45 FAESE hnRNPU J& PIM1 #4545
Ho ARMFFEIE LB PIM1 BEFIHI hnRNPU 25 [ 7K
FEK AN H mRNA kK, XS a G 45
$&7% hnRNPU AT REFE PIM1 55 (09 40 i 5 % vh R 4%
HEEM.
hnRNPU & — L INREL B A, AT LA
454 DNA Fl RNA, 25 ZFP LR 0 s i s e
KRN, hnRNPU ZHEEAFST £ 45 T e 1
W5, W hnRNPU RERSIEUEITI 10 4 R, Bk A mT g
J& c=Myc — BT G S0 S22, SRTfT, haNRPU
S YN ST LD AR AN — I o K B,
hnRNPU B8R 4AS RNA PANDA 5 £ 445 (0
Hil 5 AR (PRCT A1 PRC2) 5K #5755k A NF-YA #f
HAERR S SCE P A 2, I, hnRNPU 5
I L X RO T B E B HEER
ARG W EAN S F ) Western EfJ
IDFNEEZ ARG B FLME 1 B Y (0 5000 & Bl 3k
hnNRPU 4] PIM1 35 M 5 %, UESE hn—
RNPU 7£ PIM1 755 i 20 Jf 52 & v R 3530 i1 -
2 BRIk FE 35 hnRNPU A BB S B0 5306 %
FHCHEN A DNA 5 RNA BY45 S 30, W ek 28410
il B AH L R A FE S ik, dEm Al PIM1 5 5
MM, (RS PR T 2L g0 1 — 25 B0 .
AHFFE G T hnRNPU 7E 40 it 35 & 5o 72 v k2 410 il
YEFH , haNRPU 119 35 2 35 0] GE {7 it 958 40 Jfa o 20 o
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