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The LncRNA SPINT1-AS1 Regulates the Proliferation, Apoptosis, Migration
and Invasion of Non-Small Cell Lung Cancer Cells by Targeting miR-433-3p

WANG Xiuli, KAHAERJIANG Abuduwaili, GU Guomin, LIU Chunling*
(Second Ward of Department of Pulmonary Medicine, Affiliated Tumor Hospital Xinjiang Medical University, Urumgqi 830011, China)

Abstract  The study aims to investigate the effects of IncRNA SPINT1-AS1 on proliferation, migration, in-
vasion and apoptosis of NSCLC (non-small cell lung cancer cell) H1299 and its molecular mechanism. 30 NSCLC
tissues and matching paracancer tissues were selected from March 2017 to March 2019 in Affiliated Tumor Hos-
pital Xinjiang Medical University. Human normal lung epithelial cells BEAS-2B and NSCLC cell lines H1299,
Calu-3 and Calu-6 were cultured in vitro. H1299 cells were divided into NC group, si-NC group, si-SPINT1-AS1
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group, miR-NC group, miR-433-3p group, si-SPINT1-AS1+anti-miR-NC group, si-SPINT1-AS1-+anti-miR-433-
3p group. RT-qPCR detection of IncRNA SPINT1-AS1 and miR-433-3p expression levels in NSCLC tissues and
cells. MTT was used to detect cell proliferation. Transwell was used to detect cell migration and invasion. Flow
cytometry was used to detect cell apoptosis. Western blot was used to detect the expression of related proteins.
Dual luciferase reporter gene assay was used to detect the targeting relationship between IncRNA SPINT1-AS1
and miR-433-3p. Results showed that compared with paracancerous tissue and human normal lung epithelial
cells BEAS-2B, the expression levels of IncRNA SPINT1-AS1 and miR-433-3p in NSCLC tissues and cell lines
were increased and decreased, respectively (P<0.05). Compared with the si-NC group, the si-SPINT1-AS1 group
could decrease cell proliferative number, migration number, invasion number, protein levels of PCNA, MMP-
2, MMP-9 and Bcl-2, and increase apoptosis rate and Bax protein level of H1299 cells (P<0.05); compared with
the miR-NC group, the miR-433-3p group could reduce the D value, migration number, invasion number, and
protein levels of PCNA, MMP-2, MMP-9, and Bcl-2 in H1299 cells, increase apoptosis rate and Bax protein lev-
el (P<0.05). LncRNA SPINT1-ASI targeted regulation of miR-433-3p expression (P<0.05), and down-regulated
miR-433-3p reversed the effects of interfering IncRNA SPINT1-AS1 on proliferation, migration, invasion and
apoptosis of H1299 cells (P<0.05). Thus, the IncRNA SPINT1-AS1 inhibits the proliferation, migration and in-

vasion of H1299 cells and promotes apoptosis by targeting miR-433-3p.
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Fig.1 LncRNA SPINT1-AS1 and miR-433-3p expression in NSCLC tissues
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Fig.2 The expression of IncRNA SPINT1-AS1 and miR-433-3p in NSCLC cells
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A: the images of H1299 cell migration and invasion; B: flow cytometry analysis for cell apoptosis.
B3 F#iIncRNA SPINT1-ASIXTHI129940f0iT 7. REFATHF MM
Fig.3 The effects of IncRNA SPINT1-AS1 knockdown on H1299 cell migration, invasion and apoptosis

#1 TFiLIncRNA SPINT1-AS1XH12994Bf1#8%E , iT%. REFATAIEN
Table 1 The effects of IncRNA SPINT1-AS1 knockdown on H1299 cell proliferation, migration, invasion and apoptosis

4 SPINTI-ASI D1t (450 nm) ITRHHA R2EEH A JHT%%

Group D value (450 nm) Migration cell number Invasion cell number Apoptotic rate /%
NC 1.02+0.11 1.41+0.17 136.52+15.45 106.23+13.14 6.82+0.82
si-NC 1.01£0.08 1.36+0.15 129.15+14.26 98.36+11.62 7.29+0.93
si-SPINT1-AS1 0.370.04* 0.79+0.08* 76.28+7.92* 46.57£5.65* 25.72+3.26*

F 186.313 55.417 57.754 83.525 257.867

P 0.000 0.000 0.000 0.000 0.000

*P<0.05, 5si-NC4 HLL.
*P<0.05 compared with si-NC group.

fi7R, S5miR-NCZLAH EE, miR-433-3pZH WT-SPINTI-
AS1, F R B M PR (P<0.05), X MUT-SPINTI-
AS1% G Z BTG 1 22 57 A 3 (P>0.05); WIFR6HT R,
5 pcDNAZIAH L, pcDNA-SPINT1-AS141 SPINTI-
ASTRIEK AN, miR-433-3p kKK, 5
si-NCZHAHEL , si-SPINT1-AS14L SPINTI-AS1F X
IKAF B AR, miR-433-3pF 1A 7K 115 /i1, 3 BlIncRNA

SPINT1-AS1 %1 miR-433-3p[K) ik (P<0.05).
2.6 TiAmiR-433-3pifi%% T F#IncRNA SPINT1-
ASIXTHI299Z0A185E . 1%, REFATHIZ M
wE 8. K9, KIMESHI /R, Hsi-SPINTI-
ASl+anti-miR-NCZH L%, si-SPINT1-AS1+anti-miR-
433-3pZHmiR-433-3p ik /K-F-FEAIC, H129940 il D1E -
T H. R HLLKLPCNA. MMP-2. MMP-
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Fig.4 The effects of IncRNA SPINT1-AS1 silencing on protein expression in H1299 cells

72 F#IncRNA SPINT1-AS13tH12994A34H X 2 B Y200
Table 2 The effects of IncRNA SPINT1-AS1 silencing on protein expression in H1299 cells

Bl

PCNA MMP-2 MMP-9 Bcl-2 Bax
Group
NC 0.70+0.07 0.84+0.10 0.62+0.08 0.61+0.07 0.24+0.02
si-NC 0.73+0.08 0.82+0.08 0.64+0.07 0.59+0.06 0.22+0.03
si-SPINT1-AS1 0.32+0.04* 0.39+0.05* 0.25+0.03* 0.19+0.03* 0.65+0.08*
F 109.326 92.333 106.746 161.234 206.532
P 0.000 0.000 0.000 0.000 0.000

#P<0.05, 5si-NCA LA, .
*P<0.05 compared with si-NC group.

9. Bel-28 KT &, 4 TR LK Baxtt M
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Annexin FITC-A
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A: the images of H1299 cell migration and invasion; B: flow cytometry analysis for cell apoptosis.
&5 i3 #iAmiR-433-3pXTHI2994AMEF . R FATHS M
Fig.5 The effects of miR-433-3p overexpression on H1299 cell migration, invasion and apoptosis

#R3 WRIEMiIR-433-3pITHI2994MAEIETE , iT%5. REFAT AN

Table 3 The effects of miR-433-3p overexpression on H1299 cell proliferation, migration, invasion and apoptosis

s34 N KEBHCH A T IR %
Group D value (450 nm) Cell migration number Cell invasion number Apoptotic rate /%
NC 1.02+0.10 1.39+0.14 132.75+16.12 110.29+12.36 6.47+0.69
miR-NC 1.01£0.12 1.45+0.18 140.18+14.29 102.42+11.97 6.93+0.75
miR-433-3p 2.98+0.42* 0.83+0.08* 72.26+8.16* 51.23+6.35* 27.16£3.47*
F 173.066 54.062 70.618 82.548 288.156
P 0.000 0.000 0.000 0.000 0.000

*P<0.05, 5miR-NCZL L4

*P<0.05 compared with miR-NC group.

Hl, 7ENSCLCAH Z HBel-275 # ik, Baxfk %Kik, HE5 FEHEAE A

JIEE o B Ik L A A R A AE DG RN AR AT R BN,
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K, HER T4 IncRNA SPINT1-AS1 7] ##|H12994H
L R AR ) AT T e S L R R A O, AT R

W9 %], IncRNA SPINTI1-AS1/E 354 N
J5 RNAST B microRNAs £ iR I AT B4,
ASLEG ) Starbase T E 7, IncRNA SPINT1-AS1
5 miR-433-3p Z [A] & A BAMZ EH IR T4, XURIGER
B 5 R S B0 45 SR AR B, 1 3R1K miR-433-3p &1k
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Bax 21 kDa

GAPDH 37 kDa

El6 d3RiEAmiR-433-3p tHI12994HE4E % E R RIAH I
Fig.6 The effects of miR-433-3p overexpression on protein expression in H1299 cells

#4 FFRIEMIR-433-3pXTH129940BAFE % 2 B FRIZRISN

Table 4 The effects of miR-433-3p overexpression on protein expression in H1299 cells

il

PCNA MMP-2 MMP-9 Bcl-2 Bax
Group
NC 0.69+0.08 0.82+0.08 0.65+0.07 0.62+0.06 0.23+0.03
miR-NC 0.71£0.07 0.85+0.09 0.61+0.06 0.58+0.07 0.24+0.02
miR-433-3p 0.34+0.05* 0.41+0.05* 0.27+0.03* 0.21+0.02* 0.67+0.07*
F 84.717 95.982 125.234 155.022 274.790
P 0.000 0.000 0.000 0.000 0.000

*P<0.05, SGmiR-NCALLL4Z
*P <0.05 compared with miR-NC group.

WT-SPINT1-AS1 5'GCCCAAGUUACAGAAIUICIAILITCiAiG 3’
miR-433-3p 3 UGUGGCUCCUCGGGUAGUACUA 5'

MUT-SPINT1-AS1 5" GCCCAAGUUACAGACCUGGUGG 3’
LLI AL RATHIEF 41 .
The highlighted bases: the mutant base sequence.
[El7 LncRNA SPINT1-AS189FF5H & B 5miR-433-3p E AN EHEL 5
Fig.7 The binding sites of IncRNA SPINT1-AS1 for miR-433-3p

RS WIOLRERERLE

Table 5 Dual-luciferase reporter assay

pail

WT-SPINT1-AS1 MUT-SPINT1-AS1
Group
miR-NC 1.01£0.10 1.00+0.08
miR-433-3p 0.47+0.06* 1.02+0.13
t 13.891 0.393
P 0.000 0.699

#P<0.05, 5miR-NC4 L.
*P<0.05 compared with miR-NC group.
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#6 IncRNA SPINT1-AS1XmiR-433-3pZRik IS
Table 6 LncRNA SPINT1-AS1-mediated effect on miR-433-3p expression

v .

G SPINT1-AS1 miR-433-3p
roup

pcDNA 1.010.12 1.02+0.09

pcDNA-SPINT1-AS1 3.11+0.38" 0.54+0.06"

si-NC 1.02+0.10 1.00+0.07

si-SPINT1-AS1 0.42+0.06% 2.92+0.41%

F 290.993 217.702

P 0.000 0.000

"P<0.05, S5pcDNAA HLEL; “P<0.05, 5si-NCAL L.
"P<0.05 compared with pcDNA group; “P<0.05 compared with si-NC group.

(A) _ .
si-SPINT1-AS1 si-SPINT1-AS1
si-SPINT1-AS1 +anti-miR-NC +anti-miR-433-3p
Migration %
(B)
si-SPINT1-AS1 si-SPINT1-AS1
si-SPINT1-AS1 +anti-miR-NC +anti-miR-433-3p

5 Tube-s-6630: P1 5 Tube-s-8123: P1 = Tube-s-4940: P1

= 3QI1-UL QI-UR —3QI1-UL QI-UR —3QI-UL QI-UR

o ‘ 0.12% 11.52% &)j 0.05% 11.65% “6‘: 0.07% 7.14%
<2 ] T3] <z ] "
@ 3 S @ =3 R
& ] 2 e 3 &7
5 ] : ~S ] : ~5 .

— 3 74.20%; 14.16% — 3 72.68% “15.62% —38547% 7.32%

P P = ] '

=1 =1 o R

< QI QI-LR =3Q QI-LR SHQI-LEF QI-LR

010° 10* 10° 10° 10’ 010* 10* 10° 10° 107 0 10° 10* 10° 10° 107
Annexin FITC-A Annexin FITC-A Annexin FITC-A

A: HI2994M 1 (3T A% A1 2%; B: 4l it U
A: the images of H1299 cell migration and invasion; B: flow cytometry analysis for cell apoptosis.

El8 TiAmiR-433-3pifitt T FHIncRNA SPINT1-ASI1XTH12994BBEiTF . 1REMAT-HIER
Fig.8 MiR-433-3p downregulation attenuated IncRNA SPINT1-AS1 silencing-mediated
effects on H1299 cell migration, invasion and apoptosis

7 WT-SPINT1-AS 1% 6 2 B 14 F# %, H IncRNA tenance of chromosome 4, SMC4)3% 12 #1711l iz 57 J4 Fr)
SPINTI1-AS1#i#miR-433-3p£ik. ImiR-433-3p RAR BT, miR-433-3p ik 3% i ik #2 i) A fis 1 4
TR s Y G A 25 K 4 HF B 1 4(structural main- fifg A I AR 1(stearoyl-CoA desaturase 1, SCD1){iE
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7 THmiR-433-3pifitt T F#IncRNA SPINT1-ASIXTH129940f18%E . T4, FEFET- SN
Table 7 The effect on miR-433-3p downregulation attenuated IncRNA SPINT1-AS1 silencing-mediated

H1299 cell proliferation, migration, invasion and apoptosis

P sy, | D@ TN FETTTERS T %
Group D value (450 nm) Migration cell number Invasion cell number Apoptotic rate /%
si-SPINT1-AS1 1.01+0.11 0.80+0.09 71.58+6.82 43.72+5.68 25.214£2.98
si-SPINT1- 1.02+0.08 0.78+0.08 67.35+7.65 49.24+4.76 26.47+3.13
AS1+anti-miR-NC

si-SPINT1- 0.58+0.07 1.23+0.15 113.18+12.58% 85.15+10.13* 14.28+1.67*
ASl+anti-miR-

433-3p

F 72.808 47.165 65.782 86.735 56.527

P 0.000 0.000 0.000 0.000 0.000

*P<0.05, 155i-SPINT1-AS 1+anti-miR-NC4 lL4% .
*P<0.05 compared with si-SPINT1-AS1+anti-miR-NC group.

PCNA

MMP-2

MMP-9

Bcel-2

Bax

GAPDH

E9 TiHmiR-433-3pifiiE T:F#clncRNA SPINT1-AS1%TH12994RAEHH X E HRIAM M
Fig.9 The effect on miR-433-3p downregulation attenuated IncRNA SPINT1-AS1
silencing-mediated protein expression in H1299 cells

%8 TiAmiR-433-3pifitt T F4IncRNA SPINT1-AS1%H12994R0148 < 55 A 38 HI 2200
Table 8 The effect on miR-433-3p downregulation attenuated IncRNA SPINT1-AS1

silencing-mediated protein expression in H1299 cells

pah

PCNA MMP-2 MMP-9 Bcl-2 Bax
Group
si-SPINT1-AS1 0.34+0.03 0.37+0.04 0.24+0.02 0.20+0.03 0.63+0.07
si-SPINT1-AS 1+anti-miR-NC 0.33+0.04 0.40+0.05 0.254+0.03 0.21+0.02 0.66+0.06
si-SPINT1-AS1+anti-miR-433-3p 0.57+0.06 0.71+0.08* 0.51£0.05 0.43+0.04 0.37+0.04
F 81.590 91.114 166.500 157.345 67.990
P 0.000 0.000 0.000 0.000 0.000

#P<0.05, 5si-SPINT1-AS1+anti-miR-NCZ Eb %5 .
*P<0.05 compared with si-SPINT1-AS1+anti-miR-NC group.

HE SRR A G IER AR R R A 433-3p SR DA G, A WF ST B 2 miR-433-3p

NP HE B . IR RS R 28 W B I miR-433-3p ) i R ENSCLCH A R AE ST 5 _ LR wE Fr 4 e
BRI, B AR S S T, LR R B miR- — 5, RIS R EIR, 55 HEZUFBEAS-2B4 /i
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ELH, NSCLCZHZAMI 4 i 5 ' miR-433-3p K ik /K-
FEAK, 1 3R1A miR-433-3plE I T H129940 e DfE . 1L
FEH . 225 HLLPCNA. MMP-2. MMP-9,
Bel-28 /K, $&m 7 4B T3 PL A Bax & /K
-, R 2Rk miR-433-3p AT 4] H129940 fd (1) 3%
FE IR AVRZE, RN T b TRE R R
SEIG AR BRI miR-433-3pidi 5 7 T3 IncRNA
SPINT1-AS1XF HI12994H a3 5 . iT# . =28 F11H
Ts2e, H129940 s DI . T H . REHHE
PLIZ PCNA. MMP-2. MMP-9. Bcl-2% H/KF1H
I, A T3 DL K Bax B 7K T B, #2785 IneRNA
SPINT1-AS 1A j&# i # 7] ] #% miR-433-3p & ik 521
HI29940 B3 5E . TR REBFFT,

28 FRTiR, T4 IncRNA SPINT1-AS1A] 1]
H12994H i 1) 1 22 Y, ] §g 5 48 ) 45 miR-433-3p
HX.

SE 3 Hk (References)

[1]  HERBST R S, MORGENSZTERN D, BOSHOFF C. The biol-
ogy and management of non-small cell lung cancer [J]. Nature,
2018, 553(7689): 446-54.

[2] KIM C, GIACCONE G. Precision oncology in non-small-cell
lung cancer: opportunities and challenges [J]. Nat Rev Clin On-
col, 2018, 15(6): 348-9.

[3] SONG H, LIU Y, LIANG H, et al. SPINT1-AS1 Drives cervical
cancer progression via repressing miR-214 biogenesis [J]. Front
Cell Dev Biol, 2021, doi: 10.3389/fcell.2021.691140.

[4] ZHOU T, LIN K, NIE J, et al. LncRNA SPINT1-AS1 promotes
breast cancer proliferation and metastasis by sponging let-7a/b/
i-5p [J]. Pathol Res Pract, 2021, doi: 10.1016/j.prp.2020.153268.

[5] LI C, LI W, ZHANG Y, et al. Increased expression of antisense
IncRNA SPINTI1-AS1 predicts a poor prognosis in colorectal
cancer and is negatively correlated with its sense transcript [J].
Onco Targets Ther, 2018, doi: 10.2147/OTT.S163883.

[6] ZHANG F, CHENG R, LI P, et al. Hsa_circ_0010235 functions
as an oncogenic drive in non-small cell lung cancer by modulat-
ing miR-433-3p/TIPRL axis [J]. Cancer Cell Int, 2021, 21(1): 73.

[7] WENG L, QIU K, GAO W, et al LncRNA PCGEMI1 accelerates
non-small cell lung cancer progression via sponging miR-433-3p
to upregulate WTAP [J]. BMC Pulm Med, 2020, 20(1): 213.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

LIU S, ZHAN N, GAO C, et al. Long noncoding RNA CBR3-
AS1 mediates tumorigenesis and radiosensitivity of non-small
cell lung cancer through redox and DNA repair by CBR3-AS1/
miR-409-3p/SODI1 axis [J]. Cancer Lett, 2021, doi: 10.1016/
j-canlet.2021.11.009.

HE L, ZHOU L, LU Z B, et al. Influence of LncRNA SDHAPI on
multiplication, migration and invasiveness of non-small cell lung
carcinoma cells [J]. Am J Transl Res, 2021, 13(10): 11245-54.

LIU C, LI Q G, ZHOU Y, et al. LncRNA NR2F2-AS1 induces
epithelial-mesenchymal transition of non-small cell lung cancer
by modulating BVR/ATF-2 pathway via regulating miR-545-5p/
c-Met axis [J]. Am J Cancer Res, 2021, 11(10): 4844-65.

LIU Z, YANG S, ZHOU S, et al. Prognostic value of IncRNA
DRAIC and miR-3940-3p in lung adenocarcinoma and their ef-
fect on lung adenocarcinoma cell progression [J]. Cancer Manag
Res, 2021, doi: 10.2147/CMAR.S320616.

BB, B, 2. AR/ R 2 A B SRR R R 2
HfiEPCNA. Survivin L VEGFRIE AR 7L [T]. v =
2pAEZ(HAN S'Y, ZHAO N, LI D. A relevant research between
DCE-MRI parameters and expressions of PCNA, survivin and
VEGF in NSCLC [J]. China Medical Equipment), 2022, 19(2):
72-6.

AT, TR, FERC . /A i 4 HAD18G
MMP-9H1 MMP-2315 5 T (AR S 1 [7]. K 5 93 2
%k E (ZHAO T'Y, ZHANG Y M, CHANG Y H. Correlation
between the expression of HAb18G, MMP-9 and MMP-2 in
non-small cell lung cancer and prognosis [J]. Chinese Journal of
Clinical and Experimental Pathology), 2020, 36(7): 819-22.
Wi, AL e, /NG i R 8 3 B0k 50 8 90, T T i it
¥ Bax. 8 T4 8 7 Bel-238 35 /K T 38 4k Je b5 0 2 2
FE AR G [77.  [E 5 %% T#2 (CHEN T, DU W. Expression
of heat shock protein 900, apoptosis-promoting factor Bax and
apoptosis-inhibiting factor Bcl-2 in patients with non-small cell
lung cancer and their correlation with pathological features [J].
China Medical Engineering), 2019, 27(8): 9-13.

YOU A, RAO G, WANG J, et al. MiR-433-3p restrains the pro-
liferation, migration and invasion of glioma cells via targeting
SMC4 [J]. Brain Res, 2021, doi: 10.1016/j.brainres.2021.147563.
YIN H, QIU X, SHAN'Y, et al. HIF-1a downregulation of miR-
433-3p in adipocyte-derived exosomes contributes to NPC pro-
gression via targeting SCD1 [J]. Cancer Sci, 2021, 112(4): 1457-
70.

HOU X K, MAO J S. Long noncoding RNA SNHG14 promotes
osteosarcoma progression via miR-433-3p/FBX022 axis [J].
Biochem Biophys Res Commun, 2020, 523(3): 766-72.



