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Abstract

Objective: to study the low expression of novel-miR-9 in breast cancer by sequencing. For the
further study of novel-miR-9 regulation mechanism of breast cancer and its biological function
theory mechanism. Methods: cck-8 and EdU experiments were used to detect the effect of
novel-miR-9 on human breast cancer cell proliferation; application of bioinformatics analysis
to predict novel-miR-9 target genes and breast cancer related genes; a set of target genes was
obtained by drawing Wayne map with Venny2.1.0; GO functional annotation analysis of target
gene sets, Identification of genes related to cell proliferation; to analyze the expression of its
gene in breast cancer; and protein interaction, GO function annotation analysis and KEGG
Pathway analysis. Results: novel-miR-9 low expression in human breast cancer cells (P < 0.001);
inhibition of breast cancer cell proliferation (P < 0.001); through Venny map and GO function
annotation analysis and protein interaction analysis to identify 26 genes related to cell
proliferation and found that the interaction relationship is more complex; GO analysis found
that target genes may be involved in cell proliferation, signal reception and other biological
processes; KEGG Pathway analysis found that its target genes are most enriched in PI3K-Akt,
Ras, cancer, cancer microRNA and other signaling pathways. Conclusions: novel-miR-9
regulation is involved in many important biological processes, provided clues for the follow-up
study.
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1. BY

FLHE (breast cancer) A& 2o ILIKIBPE IR 2 —, 5 2o AU T IR R T AL (1] MR R ) LR
R R E LR R, 5 H §T G T LI 135 5E 1B i A 5 4305 2 - microRNA J& —23E4wfi% /N 73T RNA,
KA 18~26 MZER I P YR TE /N RNA, Fil it 5 ¥EEEIR 3 oA g 5 DX 35 5 R 45 A 1 7 200 1 S 3 (R 11
Rik[2], ZH5ZMADRTIRGE, WIREEARE T FRIARBEE]. RIEA TSR, microRNA #]
DI I A 4 g 25 DR e BE R0, S5 oy 4 M 3 3 2 A 2 i R 4] [5] [6]

AW FEAE T SR 2 20 v 2 I —HE B A microRNA. %X — b Y microRNA #EAT ik, &
I novel-miR-9 (cggggggcuggcggegge) X 7 B i 14 G B wI/E FH o AWt 7is -HAEE B30 dr, Tt
novel-miR-9 WIHLEER, £t 45 B SEFE LG, R SIGTEAH OCHE R, Joxt FLFEE R4 & EAT B ik
HAEM L5307, AR ZIFRIE, GO (Gene Ontology) /3 #7F1 KEGG Pathway (Kyoto encyclopedia of genes
and genomes) 73BT T 45 S o ¥ SR AT AR A VR T ML, R B L BRI R ) A= 9 % DI BE, N FT novel-miR-9
R R 5 5 T AR )% T BRI 7T B A B i LAl
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2. M5

LARE: IEH 41 R MCF-10A. AFLIRESHHE & MCF-7 Al MDA-MB-231 (b [E Rl 2B i A= dr Rl 2%
B 2 ) s DMEM i B 45 77 3 R i 2 1ML 7% (Gibeo 2 7)) #% 4477 Lipofectamine 2000 (Thermo Fisher
/~7]); miDETECT A TrackTM miRNA RT-gPCR Starter Kit A1 microRNA #if J5 514 LA & mimic (N 8t
A7]); cck-8 (Biosharp A#]); EdU ()BT AF]); Novel-miR-9 Ml /77 (£ K H).

2.YMIR5 77 5 3 20 DMEM B 2k + i 40 0y 10% G 4= fE + B 73808 1% X,
BT 37°C. 5% CO,. MIFIEE I MIRFRAG TR TR, OWHRlE, 3d AR 1R, Bt 2, *¥uy
B, RERIFHIAIEH T /E 25250 . X EOE5E MCF-7 fil MDA-MB-231 4ifilglicsE, #5045+ 6 Lk
F, 5 % 10° Ji/fL, JN 37°C. 5% CO,. MM AN F246 PG 3% . AR tlisn 6 LG, MiH]
Lipofectamine 2000 ¥ mimic A mimic-NC B 4% 4 MCF-7 5 MDA-MB-231 4l . LA\ 37°C. 5% CO,.
LRI P (P 20 i B R A Th 5 77 6~8 h, 4§ 6 FLARVBU A A 58 2 R 5L 5 4R SN 37°C . 5% CO,. MFIIE
JEE PRI 15 7R AR R 5

3.RNA $2i15 RT-gPCR fll: A Trizol A4 HU & MCF-10A. MCF-7. MDA-MB-231 4fiffii RNA,
B T-80°CUKAHTRAEFEK - F RNeasy Maxi i 7f & 4iift. RNA, 7£ NanoDrop 2000c Ll 52 RNA % . RNA
FEAL T A {H 260/280 Lk 1.8~2.1 Z (B Tt — B 0F 78 o 3% S5 R e A U6 BE P it A7 84, W3R B4
FhE 5 RNA (1 pg) % 3% cDNA. {2 X LightCycler 480 Real-Time PCR &4t 4l novel-miR-9
MERIEKT. HH U6 ENNZ, U6 LiiF5|#: 5-CTCGCTTCG GCAGCACA-3’; R #:
5-ACGCTTCACGAATT TGCGT-3’. RT-qPCR #MJEIF %Ay H—3P: 95°C 10 min; 5 —3P: 95°C 25,
60°C 20s, 70°C 10s, 3L 40 MEF; H=20: BfEMZE k. RAMXEREE, LLU6 ANS, &M
fiiH 10 4> microRNA (17K A 5 FIFEA F1 11 U6 (1 LLAE AR Rk KF, B2 Flods = 2 — AACt 1T
H34F, AACE N 10 > microRNA ISk K

4.cck-8 I EAU KM AE: cck-8: o R 4RSI 56: 28 7L MR 400 A LA SR 243 B0 10% 0 fifa 2 L 37 e b 5%
FRIEBCHIEL 2 x 10° DNHA/ALIOHE, 96 FLIESIE(37°C . 5% CO,. MIRIIRSE (40 S F:48), 45l
T 24, 48 f172h )5, MM cck-8 WL, AL 10 pL, FH A KEFARCTE 450 nm AR W& & FL WO L FEE
EdU : of 8 ZH R S5 26 2L A 400 B LA SR B 23 B0y 10060140 iR 2 L 37 e B 35 92 6 e 1 ke 2 x 10 N4 /£ L i 4
B, 24 FLAEEFR(37°C 5% CO,. THAE & 4N i ks 72 46), K597 24 h, #% [ protocol A EdU 7,
HAEIE B R B .

5.4 W) 15 B 2 W vk 0 F . Rl A TargetScan [7] (http://www.targetscan.org/) , miRDB [7]
(http://mirdb.org/), miRWalk [7]F1 miRbase [7] 4 A~%u# 7 novel-miR-9 (1] #E XL [Kl; GeneCards
(http://www.genecards.org/) FI 25 1) 1] 5 FLIREAH S I BUREE R s B IR 4, 3RAS )7L e A O 0 )
HEJER; iz UCSC [8] (https://xena.ucsc.edu/) 7F£k T2 4 #r i J R 7E FL e i3 R 1) 22 5 K14 DAVIDG.8
AR E[9] (https:/david.ncifcrf.gov/)% Tl I EEERISE & 14T GO /3 #TFl KEGG 15 54& F I8 K Y & 5 /04
STRING [10] (http://string-db.org/){£.£8 T-H /3B #E3E K 2 181 28 A FH

6.40i T £ 5 i EERHSMEREZ (£ )R, BT 7RI t K96, P <0.05 &HZE
SAEBRIFEE L.

3.

&R

1) novel-miR-9 ZE4 i1 RIX/KF FIH RT-gPCR Il novel-miR-9 £ 1E % 4l it MCF-10A Fil A FL it
FEAMI MCF-7. MDA-MB-231 i) 3ik &, K novel-miR-9 76 3Lk 4 (1) %A K T 1IEH 4l (& 1).

DOI: 10.12677/acrs.2021.102003 15 M ANEEF ARG BT 5L


https://doi.org/10.12677/acrs.2021.102003
http://www.targetscan.org/
http://mirdb.org/
http://www.genecards.org/
https://xena.ucsc.edu/
https://david.ncifcrf.gov/
http://string-db.org/

A4 45

(a) (b) 80000-
S 60000 s
a
5
w
L2
1.4- s
&
1.24
Q u
.9 1-0
§ 0.8-
S 0.6
x o
w o.2-
g (©
8
) 8000-
14 < 7000~
S  6000-
2 50004 ek
30001
0.0 E 0.5
-
()
(3

***P < 0.001 compared with MCF-10A, MDA-MB-231 NC and MCF-7 NC.

Figure 1. Expression level of novel-miR-9 in cells. (a) Novel-miR-9 in normal cells and in human breast cancer cells; (b) (c)
to verify whether novel -miR-9 was introduced into human breast cancer MDA-MB-231 and MCF-7 cells

[& 1. novel-miR-9 7£ #R A1 A 223 7K S . (a) novel-miR-9 F IE & 4B MCF-10A F0 A L BR 55 ZA A MCF-7,. MDA-MB-231;
(b) (c) B&IE novel-miR-9 2H S A AFLBREE MDA-MB-231 F1 MCF-7 4lAf

2) novel-miR-9 X Pl B4 FERL I 4 novel-miR-9 XU S N MCF-7 #1 MDA-MB-231 4,
iz ] cck-8 LL K& EDU feriil 7L e 40 i 34 5 e 71 (K 2)

3) FM novel-miR-9 #EFER it TargetScan, miRDB, miRWalk #1 miRanda Fiill novel-miR-9 F#f!
BEH 5 GeneCard 7 1) 3 55 7L i AH G ¥ S0 J PR B A S5 21 7] FL e AH 5 1) 1188 AN Tl $E 3 B (<] 3).
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Figure 2. Effects of Novel-miR-9 on the proliferation of breast cancer cells. (a) CCK-8 assayed the effect of Novel -miR-9
on the proliferation of MCF-7 and MDA-MB-231 breast cancer cells; (b) EDU detection of the effect of Novel-miR-9 on the
proliferation of MDA-MB-231 breast cancer cells; (¢c) EDU was used to detect the effect of Novel-miR-9 on the proliferation
of breast cancer cells MCF-7

[& 2. novel-miR-9 Y FL AR LMAIETESING. (a) cck-8 423 novel-miR-9 XFFLAREEZMAR MCF-7 #1 MDA-MB-231 1558201 ; (b)
EdU 423 novel-miR-9 X FLAREELRA MDA-MB-231 $E5E520; (c) EAU 4 novel-miR-9 XHFLBREEZAAR MCF-7 3E5EAIS/M0
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Figure 3. Predicts target genes associated with Novel -miR-9 and breast cancer
& 3. 75Ul novel-miR-9 FIZLAR R X AU¥REF

4) IR EWFEMACEER iz DAVID £ F bk 1188 N¥EEE R S5 A O i #E L ] . R IH
BRCA1. CDH1. ERBB2., EGFR %5 26 M3 [A B #2 ME 8E ( 1)FF41 H 26 NERE R (GEE 2).

Table 1. GO analysis of DEGs in Breast Cancer
#* 1. GO SiELREmERERE

Term

Description

Count in gene set

P-value

Benjamini

G0:0019899
G0:0001067
G0:0044877

G0:0000989

G0:0008092
G0:0016301
G0:0019838
G0:0008013
G0:0035326
G0:0005102

enzyme binding
regulatory region nucleic acid binding

macromolecular complex binding

transcription factor activity,
transcription factor binding

cytoskeletal protein binding
kinase activity
growth factor binding
beta-catenin binding
enhancer binding

receptor binding

209
122
162

92

114
109
26
19
20
134

1.5696323496283148E—-15
6.3502055620786575E—15
3.453964263902479E-14

5.709065010437362E—13

2.3582441895158947E-12
1.809990556789057E—-8
1.552211434415833E—-6
8.190108187078926E—6

2.2386715257633048E-5

3.0316297765182315E—4

2.4091839634365897E—-12
2.4522606167920458E-12
1.0703660180411134E-11

8.84858852856496E—11

3.0460400868292936E—-10
9.04994877370946E—7
6.014643089469196E—-5
2.4888509503584455E—4
5.980934338446486E—4
0.006989990769231791

GO, A Hedu e s

DEGs, #5RIAFEH .

Table 2. Functional roles of 26 genes

52 2.26 MNERE

HIThAE

No. Gene symbol

Full name

Function

Binds fibroblast growth factor and E-selectin. Membrane sialo glycoprotein of the Golgi

1 GLGl Golgi Glycoprotein 1 apparatus, binding fibroblast growth factor and E selectin, ubiquitous.

Latent Transforming Key regulator of transforming growth factor beta that controls TGF-beta activation by
2 LTBP3 Growth Factor Beta maintaining it in a latent state during storage in extracellular space

Binding Protein 3 g 9 g pace.

Erb-B2 Recentor Tyrosine Protein tyrosine kinase that is part of several cell surface receptor complexes, but that
3 ERBB2 Kinase 2 P y apparently needs a coreceptor for ligand binding. Essential component of a neuregu-

lin-receptor complex, although neuregulins do not interact with it alone.

4 EGER Epidermal Growth Factor Receptor tyrosine kinase binding ligands of the EGF family and activating several sig-

Receptor

naling cascades to convert extracellular cues into appropriate cellular responses.
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Continued
Latent Transforming Key regulator of transforming growth factor beta that controls TGF-beta activation by
5 LTBP4 Growth Factor Beta AP . -
L - maintaining it in a latent state during storage in extracellular space.
Binding Protein 4
. Function:
6 IGF1R Ilnguelég I;)I:e Growth Factor receptor tyrosine kinase which mediates actions of insulin-like growth factor 1. Binds
P IGF1 with high affinity and IGF2 and insulin (INS) with a lower affinity.
. Transmembrane serine/threonine kinase activin type-1 receptor forming an activin re-
7 ACVR1B f\é:tlvm A Receptor Type ceptor complex with activin receptor type-2. Regulating a many physiological and pa-
thological processes.
. Signaling adapter that couples activated growth factor receptors to signaling pathways.
8 SHC1 SHC Adaptor Protein 1 Participates in a signaling cascade initiated by activated KIT and KITLG/SCF.
. . Serine protease that cleaves beta-casein/CSN2 as well as several extracellular matrix
9 HTRA3 HirA Serine Peptidase 3 (ECM) proteoglycans such as decorin/DCN, biglycan/BGN and fibronectin/FN1.
10 INSR Insulin Receptor g’ggegrotem mediates the voltage-dependent sodium ion permeability of excitable mem-
Sodium Voltage-Gated . .
11 SCN5A Channel Alpha Subunit 5 To be deleted, mutated, or overexpressed in several kinds of cancers.
Huntinatin Associated Originally identified as neuronal protein that specifically associates with HTT/huntingtin
12 HAP1 Proteingl and the binding is enhanced by an expanded polyglutamine repeat within HTT possibly
affecting HAP1 interaction properties.
Regulates ADAM17 protease, a sheddase of the epidermal growth factor (EGF) receptor
13 RHBDF2  Rhomboid 5 Homolog 2  ligands and TNF, thereby plays a role in sleep, cell survival, proliferation, migration and
inflammation.
Interleukin 2 Receptor . .
14 IL2RB Subunit Beta Receptor for interleukin-2.
Type IV collagen is the major structural component of glomerular basement membranes
15 COL4A1 gggﬁgen Type IV Alpha 1 (GBM), forming a “chicken-wire’ meshwork together with laminins, proteoglycans and
entactin/nidogen.
Insulin Like Growth Factor Involved in protein-protein interactions that result in protein complexes, receptor-ligand
16 IGFALS Binding Protein Acid ol P P P plexes, receptor-lig
- . binding or cell adhesion.
Labile Subunit
17 FURIN Furin, Paired Basic Amino Ubiquitous endoprotease within constitutive secretory pathways capable of cleavage at
Acid Cleaving Enzyme the RX(K/R)R consensus motif.
18 COL5A1 gﬁgﬁ?en Type V Alpha 1 Type V collagen is a member of group I collagen.
Neurotrophic Recentor Receptor tyrosine kinase involved in the development and the maturation of the central
19 NTRK2 T rosinepKinase 2 P and the peripheral nervous systems through regulation of neuron survival, proliferation,
y migration, differentiation, and synapse formation and plasticity.
Tyrosine-protein kinase that acts as cell-surface receptor for homodimeric PDGFB and
Platelet Derived Growth ~ PDGFD and for heterodimers formed by PDGFA and PDGFB, and plays an essential
20 PDGFRB - - - - : ; > .
Factor Receptor Beta role in the regulation of embryonic development, cell proliferation, survival, differentia-
tion, chemotaxis and migration.
21 COL1A1 gﬁgﬁ?en Type I Alpha 1 Type | collagen is a member of group | collagen.
_ Low affinity receptor which can bind to NGF, BDNF, NTF3, and NTF4. Forms a hete-
22 NGFR lc\leert\:)er Growth Factor Re rodimeric receptor with SORCS?2 that binds the precursor forms of NGF, BDNF and
P NTF3 with high affinity, and has much lower affinity for mature NGF and BDNF.
Insulin Like Growth Factor | . . -
23 IGFBP2 Binding Protein 2 Inhibits IGF-mediated growth and developmental rates.
24 ENG Endoglin V_ascular_endothellum glycoprotein that plays an important role in the regulation of an-
giogenesis.
25 IGEBP4 Insulin Like Growth Factor IGF-binding proteins prolong the half-life of the IGFs and have been shown to either
Binding Protein 4 inhibit or stimulate the growth promoting effects of the IGFs on cell culture.
26 IGEBP5 Insulin Like Growth Factor IGF-binding proteins prolong the half-life of the IGFs and have been shown to either

Binding Protein 5

inhibit or stimulate the growth promoting effects of the IGFs on cell culture.
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5) WHRAXERAMEE/EHRABRBHHAFRIEL 5 STRING £ EME ke E L  HAEM, ia
F UCSC £k bWl 43 #1 26 NI RITE AL H R R Rk & (1 4).

NTRK2 « HAPL
” NGFR
GLG1
FURIN
I LTBP3
\ l HTRA3
LTBP4 é\\\ COLSA ACVR1B
@)
LTBP3 = ACVR1B HIRA3 SONA EGFR 128 167ALS coLsAt POGFRB NGR ENG 1GF8PS
sample_type a6t ERSR IGFIR sHet INSR K1 RHBDR2 COLSAT FURIN NTRK2 COL1AT 1GF8P2 IGFBPs

Solid Tissue Normal

’mu I

| |¢ I
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i

Primary. Tumor

Figure 4. Interaction of 26 genes and their expression levels in breast cancer tissues. (a) Analysis of the interactions of 26
genes by String; (b) the expression levels of 26 genes in breast cancer tissues were analyzed by UCSC
B 4. 26 NEFRBEEERRIEALREELANFZIEE. (@ STRING 247 26 NMEEMMBEIEA; (b)A UCSC MH#

26 MEREEIIREARANTILE
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6) MREFE K GO IhEbH B K KEGG 5 54 S EBMESL NP 24 DAVID 24 EMuksriT 26 4
FR) GO ThEEFERE UL K KEGG 18 544 Sl B 1) & 240 HT (36 3).

Table 3. GO and KEGG pathway enrichment analysis of 26 Genes
7= 3. GO #1 KEGG E& L5734 26 NEEH

Term description Count in gene set P-value Benjamini
G0:0019838 growth factor binding 26 7.177095130023525E-54 1.4713045016548225E-51
G0:0019199 transmembrane receptor protein kinase activity 9 4.3968967310014277E-13 4.5063952569535104E-11
G0:0005520 insulin-like growth factor binding 7 3.4171081240130494E-12 2.335056592528417E-10
G0:0004714 transmembrane receptor protein tyrosine kinase activity 6 5.5603020389256557E—8 2.2797213016234608E—6
G0:0005102 receptor binding 12 6.568087664376786E—6 1.3463717490713734E—4
G0:0016301 kinase activity 9 6.796957977711867E-5 8.193251938890533E—4
G0:0004872 receptor activity 11 1.554075440077943E-4  0.001516041185204764
G0:0032403 protein complex binding 7 0.001135535736491165  0.008589457035824144

hsa04510 Focal adhesion 8 1.775015314267736E—7  1.1892532947421763E-5
hsa04151 PI3K-Akt signaling pathway 9 3.3386255161809444E—7 1.1184334800629081E—5
hsa04014 Ras signaling pathway 6 1.1890305517812948E—4  0.002652136307670472
hsa04015 Rap1 signaling pathway 5 0.001150670572651469  0.01095940585115629
hsa05200 Pathways in cancer 5 0.011027515410980928  0.011157926385015005
hsa05206 MicroRNAs in cancer 4 0.02664017560230009 0.010776432474605246

GO, R, KEGG, HRHEELk.

4. ¥

L e PR 8 DL ) S A e B 2 —

» HRFFRAAWN TR HA FE R RIE S, X0 ALE

(G R BT I 3E RO R R o 45K, miRNA ZEFEAE 1 E A HLEI 2 ot s, RS R G T
PRI MIRNA 152 P fiE FF R 11]. 20U 7R, miRNA S 5404 . e
GRS RE[12] [18], fERRER AR R EEAEA, T2 AR TN MR 7 2K [14].

MIRNA FERIEIT 454 mRNA 1) 3UTR X, #¢fa R 4L R [15], HARILE — 5T o] 5 3T BR X b

EAEGY)

. RIS microRNA 1B B4R L Bt B 22,
iz A E BT miRNA SERER, SN EYSAT RN —FEEFE. BEFAHZH

WA e e AN T R R A, Uy E AR e HAN B R R

MIRNA BEEEDR TR R A, ABAS [F R A B BB AN R], Ak St A Bir ) 2 . S 5048 H TargetScan, miRDB,

miRWalk 1 miRbase 7E£& 7 SR (- AT R LRI T, | T-456 7 2 AR R T A i 25 38, KR HE
B TR PE S, ERAEIG . D4R Genecards R PR 1 B 1K1 I8 AH 06 I - B R 45 X 4% 5 AR )
R FURER AT, NG S SLIRIRUE IR R AR A MM E L R [16]. AW 54 Genecards %1
B8 126 5 L B R O Y R R [ T s PR FE R DR A2 4R, L3045 1188 MEEAl: ddid DAVID %4 & GO
e B3R5 ) 1188 ML, 13 3| 5385 AH LA 26 41>, 45 EGFR. IGFIR. IGFBP2 &, H.A1mf
DA H7E FU R B 5 = 20k 0 LTBP4, SCN5A. HAP1, EGFR. NTRK2. NGFR 1 ENG; BJ&E{L&EiL
)5 RHBDF2, IGFALS, COL5A1, COL1A1,ERBB2. i STING 44 26 AN FHA EAE A, &I ERBB2,
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EGFR. COL1Al, COL5AL 7f 26 N3[R5 e E H

ZE LR, VMG B R Z AT TR AR (5 B RE S 7E mIRNA 595005 K A2 AH SC I 7 Hh R AR AR
IRTHEMEAE R . ARSI Novel-miR-9 AT HFESLES . #EILRITI . GO ‘B &4 Hrfl KEGG 1l & £ 77
s ,n%%%%ft;cwﬁfﬁf“dﬂﬂ Novel-miR-9 7 fgid i 4% 2 A~ 5 FLIE A A G I BEIE R, FErTRe
Z 5255 5B IR, A TIZEFL B TP R R R A E A o 3B X Novel-miR-9 (3 K Fitil
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