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[ Abstract] Background and purpose: Long non-coding RNA (LncRNA) plays a critical role in the malignant progression of
tumors. Former study identified IncRNA stathmin 1 pseudogene 2 (STMN1P2) was aberrantly expressed in breast cancer tissues with
microarray. However, the role it executes in breast cancer is still unclear. This study aimed to investigate the expression and function
of STMNI1P2 in breast cancer cells and its underlying mechanism. Methods: Real-time fluorescence quantitative polymerase chain
reaction (RTFQ-PCR) was used to verify the expression of STMN1P2 in breast cancer tissues from 27 breast cancer patients who
were treated in Fudan University Shanghai Cancer Center and paracancerous tissues, 3 breast cancer cell lines of MDA-MB-231,
BT-549, MCF-7 and human mammary epithelial cell line MCF-10A. STMNI1P2 levels were downregulated or upregulated, and
transwell, cell apoptosis and cell cycle detection assays were performed to study the biological functions of STMN1P2. The binding
protein was figured out through RNA pull-down experiment combined with Western blot to discover the underlying mechanism.
Results: The expression of STMN1P2 was significantly upregulated in breast cancer tissues and cells (P<0.05). Interference with
STMNI1P2 decreased the migration of BT-549 cells (P<0.05), and overexpression of STMN1P2 increased the migration of MDA-
MB-231 cells (P<0.05). Our results showed that STMN1P2 might not be related to cell apoptosis and cell cycle. RNA pull-down
results showed that heterogeneous nuclear ribonucleoprotein U (hnRNPU) might be the binding protein of STMN1P2, and the
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expression of hnRNPU might be regulated by STMN1P2 (P<0.05). The results of the rescue experiment showed that downregulating

hnRNPU expression reversed the effect of STMN1P2 on promoting cell migration (P<0.05). Conclusion: STMN1P2 may promote

breast cancer cell migration via binding and interacting with hnRNPU.

[Key words] Long non-coding RNA; Breast cancer; Migration; Heterogeneous nuclear ribonucleoprotein U
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non-coding RNA, IncRNA ) ]S 5DNA . &
Ho AL RNASS &, 76 o 4 i i 5 5 . 9
T EBMRED L CHEIEN .. ALK =
HHiE 3F Inc RN AR A 3508 7 i e & B, IncRNA
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1.1.2 3L s smpe %

ANFLIREEMCE-7, MDA-MB-231HIBT-549
A X 7 b R e SRS SR ) IR 2 D1 25
YA /v R 2 B L A A B B 5 e AT A R

TP, ANFLER LR i ZAMCF-10A16 B 3£ [

LAY EE 2 W) 8% 0 ( American Type Culture
Collection, ATCC) .
113 EEKA

DMEM. L-15. RPMI-1640. FI12}i5F3E
G4 M35 W B € E Gibco A F], TRIzolid 5| 1
H 3¢ E InvitrogenZy 7], RNAJ A7 &0 H
H 2 Toyobo /A Al SEAT2¢ 5 £ 2R A B S 1
(real-time fluorescence quantitative polymerase
chain reaction, RTFQ-PCR ) FrH5I¥ 4= T4
PR (L) ROBARAFGH, JRiEmR
P AR/ NTHERNA (small interference RNA,
SIRNA ) B2y b 3 3 i 25 5 AR AT FRA 7
A, ¥EYekFi Lipofectamine ™20000 [ 35 [#
Invitrogen’/A 7], transwell/NE ) H 32 [E Corning
o), 2 AR R g v R R TR & H O H AR
DojindoA 7], B-actinFli% N A — B A
U ( heterogeneous nuclear ribonucleoprotein U,
hnRNPU ) $iikily H 35 E Abcam/A /), Biotin
RNA Labeling MixlJ H 3¢ [ERoche/A F], RNA
pull-downislF| & [ 3&[E Pierce /A Hl
1.2 ZEWHZE
1.2.1 RTFQ-PCR

Fi = UL A5, H TRIzol4 B2 21 Fi 4
MR ERNA, W RNAAT MR S5, LT
IReDNANIEN, Z35IInA— Rk w5190, H
JIRTFQ-PCRALGHATY 1Y . )i FIGAPDHI
FEARXT I ) R HEA T AR AL, R ad 27
PR B B e koK V. GAPDHS )i
55 N5 -GGGAAACTGTGGCGTGAT-3", Jx
X455 HM5-GAGTGGGTGTCGCTGTTGA-3";
STMNI1P25| ¥yt L4k F5°-ATCAATTCTATAAT-
TCCCTTTCCCCTC-3", fz X4k 15 -AACCACT-
TATTTCTCCATCCTTTGC-3"; hnRNPU5| ¥t X
5 H5-GGGGACGGCAAAACAGAACA-3’, Jx
4545 -AGCACTGAGACGATCTCTTGA-3’,
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B8 Pt % (Western blot )
P20 B U 6%0~12% 1) b SE B R B
RN B K (sodium dodecyl sulphate
polyacrylamide gel electrophoresis, SDS-PAGE )
HEATIH FE HL K, SRS 38 2 1 I T A 1 2 1 D
W e R 9 LM (polyvinylidene fluoride,
PVDF ) B L. =iRE M1 b5 FBE R R ik i 22
W ( phosphate buffered saline with Tween,
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Hr, KiFR48 W TR 2250 . HPsiRNAM T
FIUNF . si-STMNI1P2-1)lii X 55 K5’ -GAGAAUA-
GAGAGGCACAAATT-3", Jx X4 K5°-UUU-
GUGCCUCUCUAUUCUCTT-3"; si-STMN1P2-2
I L5 5 -GCCAGAGAAGGAUAAG-
CACTT-3", Jx L% K5 -GCCAGAGAAG-
GAUAAGCACTT-3"; si-STMNI1P2-3/lii X My
5>-GCAAAGGAUGGAGAAAUAATT-3", %
%5’ -UUAUUUCUCCAUCCUUUGCTT-3";
si-hnRNPUJIii X 4% /5’ -GAACUCUCGUAUG-
CUAAGATT-3’, Jx X% K5 -UCUUAG-
CAUACGAGAGUUCTT-3",,

1.2.4  Transwellif 45 £ &

W2 YA 3k 3R TR 5 siRNA 114 200 i il B G
IV A0 B, FEtranswell |25 BTG IfiL 7 40 D
B, TEMATMESEFRE, 737 CHFHEF
24 h, ZJa¥/NaE FIPBSIEYE, TH-4¢)5 FH H mEfH
TEFN0. 1945 2 L 6,30 min, & FHIRIE AR 2548
F/NE L)ZAM, 7R RS TSI, BE il
HImage JEAFE T 4RI TEL
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IRIRE L h, YRR3R, JFTE95 CIYSDSZE ik h
b, J5 20 SDS-PAGE# i % 5 FIVE X 1A
SN, VIRES I RSN, a8
AT SRNARE A5G I
1.3 SitFEAE

FHGraphPad Prism 6.05¢ 225 (-1 743 #r
Tha o Fxes 6o, 2L 1) A0 R 1 EL 358 R FH s
5, P<0.05h2ZESA%11 5,

2 4 R

2.1 STMN1P27EZLBRE A AT R h SRk

il 7T RTFQ-PCRE2 7151 FL Wit 9 £H 23 J AR X}
N B S AL BUBR A PR I STMN 1 P2 [ 58, 4
RE/R, STMNIP2TEFLAR A 21 rh ) 338 I 2
FiE CE1A) o [, FSTMN1P27E 2L IR
41l AMDA-MB-231., BT-549, MCF-7H1 A%
iR R 4l ZAMCFE-10ATR [R5k, 45 &P,
E5MCF-10AZ0 )i kb, MDA-MB-231, BT-549
FIMCF-7FL B9 41 il 22 STMIN 1 P2 i A X 2 3k
HHEIE, 2% (422+0.62, P<0.01) .
(9.06+0.63, P<0.01) f1 (3.89+0.18,
P<0.05) (EI1B) , Hrp, STMNIP2EMDA-
MB-23 1 4 iy Rk I T BT-54940 0, HW
TSI RIY, BA R E X, et
55 STMNI1P2 A= ¥ D) fig Je rl BEHIL I BT, BEHE
TEMDA-MB-2314f i 15 2 IKASTMN1P2, 7EBT-
54921 ff i IRSTMIN P2,
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Fig. 1 The expression level of STMN1P2 in breast cancer tissues

Paracancerous
tissues

and cell lines

A: RTFQ-PCR detection of the expression of IncRNA STMNI1P2
in 27 pairs of breast cancer tissues from the breast cancer patients.
B: RTFQ-PCR analysis of STMNI1P2 expression in three different
breast cancer cell lines. ““: P<0.01, compared with paracancerous
tissues; *: P<0.05, compared with MCF10A; **: P<0.01, compared
with MCF10A
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2.2 FHSTMNIP2FR A HIZL IR AT
RS 15 2% 38 STMN 1 P2 X6 7L i g 4 it A= 4
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25 5 R, 3FhsiRN A AR 250 B I
STMNIP2f{ ik, Hrisi-STMNI1P2-2f T 5k
Ry, ik65% /Lt (P<0.05, K2A) .
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Ja, AT AERE TS, TR BN R TS
AR B> (200.00 + 11.27 vs 237.67 + 17.79,
P<0.05, K2B. 2C) , /- THPLSTMNIP25 A
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Fig. 2 Interference with STMN1P2 expression inhibited the migration ability of BT-549 cells

A: RTFQ-PCR was used to detect inhibition efficiency when downregulating STMN1P2 through siRNA in BT-549 cells. The si-STMN1P2-1,
si-STMN1P2-2 and si-STMN1P2-3 were 3 different interfering targets of STMN1P2. B: Statistical charts of cell migration. C: Cell migration detected
by transwell assay when STMN1P2 was knocked down. *: P<0.05, compared with control group

2.3 STMN1P2x 4 eE =70 #A 7o B B &0
SIS STMN 1 P25 L i 4 M H At A= M 24 7
IS, AEF Hsi-STMN1P2-241 I STMN 1 P25%
ISR LR T P A i A AR 23 BT 58 STMIN 1 P2
XS 240 T A R Y S e A R T bt
AR, THAGMEIE Y48 h5 T
KH10.48% + 1.24% , 5% AL 40 ML 7%
(9.29% +0.03% ) tHiE (EI3A. 3B) . 4iHEEHA
HREER TR, TN G448 W TSIInYZn
Ji e A5 B2 22 e A L (3030 £0.71 vs
27.65+1.77, KI3C. 3D) . X#/RTHESTMNIP2X}

ARG T ANZH AR T ICH s
2.4 YEFRIESTMN1P21R i# BRI LA AT
TEMDA-MB-23 1 41l t % Je STMN 1 P23t 3k
JFkiJT, RTFQ-PCREGIMZEF /R, STMNIP2[Y%E
SR TR, Lokt R85 (P<0.01, &
4A) . FEREFEASTMNIP2MW LA i Ttranswell
S S O MR ERA E, AR ER, Y
STMNIP2FE AR, AT RE e b, o
FIRLH 0T BRZH RS ARSI (1499.00 +43.84
vs 311.50 £ 16.26, P<0.05, K4B. 4C) , #r
STMNI1P2 Al fE 2B A RS o
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Fig.3 Interference with STMN1P2 expression had no effect on cell apoptosis and cell cycle
A: Flow cytometry was used to detect the effect of STMN1P2 on cell apoptosis when downregulating STMN1P2 through si-STMN1P2-2 in BT-549

cells. B: Statistical charts of cell apoptosis. C: The effect of STMN1P2 on cell cycle when downregulating STMN1P2 through si-STMN1P2-2 in BT-
549 cells. D: Statistical charts of cell cycle
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Fig. 4 Overexpression of STMN1P2 promotes the migration of MDA-MB-231 cells

A: RTFQ-PCR was used to detect the overexpression efficiency when pcDNA-STMN1P2 plasmid was transfected into MDA-MB-231 cells.
B: Statistical charts of cell migration. C: Transwell assays were carried out to detect cell migration after STMN1P2 was overexpressed. *: P<0.05,
compared with control group; **: P<0.01, compared with control group
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i, RFRNA pull-down$§ R %54 SDS-PAGEFI
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i Western blot3Z 5 & B, RNA pull-down i3k 1Y
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ACERE M (ESB) .
2.6 STMN1P2iA#ZEhnRNPUZRIE

Bif5, MHIThnRNPUZE TS Z STMNI1P2iH4,
43 MIZEMDA-MB-23 1 FIBT-549241 itk 3255 A%
STMNIP2, F|HRTFQ-PCRHWestern blotSZ 4451l
hnRNPUIWFR IR, SRR, i RIASTMNIP2JE,
hnRNPURYFA/K P-4 B3 B (P<0.05, El6A.
6B) , fMHISTMNIP2#A)S, hnRNPURYFGAKF
¥ R (P<0.05, E6C. 6D) .

Y S

Q

170x10°
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B Sense- Antisense-
STMN1P2 STMNI1P2

.

B 5 RNA pull-down3Et3i 45 R 2 RhnRNPUTRT 86 3 STMN1P2f)
BHREAER
Fig.5 RNA pull-down showed that hnRNPU might be a specific
binding protein of STMN1P2

A: STMNI1P2 specific combining proteins was detected by RNA pull-
down, and silver stain of the SDS-PAGE gel indicated the specific band
was shown by the red line, which was used for mass spectrometry.
B: Western blot (BT-549 cell lines) verified hnRNPU could bind to
biotinylated IncRNA STMN1P2
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Fig. 6 hnRNPU expression was regulated by STMN1P2

A: RTFQ-PCR was used to detect hnRNPU expression when overexpressing STMN1P2 in MDA-MB-231 cells. B: Western blot was used to detect
hnRNPU expression when overexpressing STMN1P2 in MDA-MB-231 cells. C: RTFQ-PCR was used to detect rnRNPU expression when interfering
STMN1P2 in BT-549 cells. D: Western blot was used to detect hnRNPU expression when interfering STMN1P2 in BT-549 cells. *: P<0.05, compared

with control group; **: P<0.01, compared with control group
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Fig. 7 Inhibition of hnRNPU reversed the effect of STMN1P2 on breast cancer cell migration

A: RTFQ-PCR was used to detect inhibition efficiency when downregulating hnRNPU through siRNA in BT-549 cells. B: Western blot was used to
detect inhibition efficiency when downregulating hnRNPU. C: Cell migration detection was performed when overexpressing STMN1P2 but inhibiting
hnRNPU. Scale bar was 200 um. *: P<0.05, compared with control group, ***: P<0.001, compared with control group
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