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Bioinformatics Analysis of invasive progression-related genes in breast ductal carcinoma in situ ZHOU Jun, MA Huailu, DING
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[ Abstract ] Objective To identify the key genes involved in the invasive progression of breast ductal carcinoma in situ
(DCIS) by bioinformatics analysis. Methods Gene chips containing samples from normal mammary gland, breast DCIS and
small invasive breast cancer (IBC) were downloaded from GEO database. The differentially expressed genes in DCIS compared
to normal tissue samples, and in IBC compared to DCIS were analyzed by R language. Trend analysis of differentially expressed
genes in the two groups was carried out by Short Time—series Expression Miner (STEM) software. The differentially expressed
genes gradually changed with the trend of DCIS progression were screened out. Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis was performed on those differentially expressed genes. Results Through screening of
differentially expressed genes, 12 down-regulated genes and 10 up-regulated genes were screened with the invasive
progression of DCIS, including MNX1 and MMP-1. Those differentially expressed genes in the KEGG pathway were significantly
enriched in the PIBK/AKT, cytokine—cytokine receptor interaction pathway and cell adhesion molecules. Conclusion MNX1 and
MMP-1 might mediate invasive progression of breast DCIS, and PI3K/AKT signaling may be involved in MNX1/MMP-1 regulation.

[ Keywords ] Breastcancer DCIS IBC Bioinformatics

FUBRIE R Ve T LA i 2 — 0 I AE. RGP B PR R i A e, FRIE] DCIS o H

H0 (2018 4F 4 El o iE it 15 ) iR , 2014 4AFFRE 4
PEFLIR IR T R 2 27.89 T, 5 2o P b R &
W) 16.51% ; FET-R B2 6.60 J7 11, 5 2Pk vk iy
FETHY 7.82% . FLIRS A (DCIS) F 2 & A e 3,
RRACKE A /NI B, SR I 1 4 Ao 3 FLAR 52 /i

DOI: 10.12056/j.issn.1006—2785.2019.41.12.2019—841
A2MA AR ERAFELTA A (81802657)
M #45.318000 SMFREFRHET
SEAEMEE K, E—mail: gchen@tzc.edu.cn

Hts BT IR E T 7.8%~18.8% , 24 % LI Bt & s 141
(1) 209%~30%" . PRI PR B XS T DCIS & Az & AL
FIITSE AR N B2 ABIFSE A3 [ S AR AR5 L
Hly (NCBI) 28 2L 3L K 8 F (gene expression omnibus,
GEO ) %4l % v T 2t & FUARE A0 BE DS R, % AT
ZEFARISIER TR A E AT, R T E S DCIS =i
PEVEFEARSCHYFEIN , LU I R SEBES % BRGE LT .

1 #RFEFEE
1.1 BRI M NCBI GEO 4 & (https://www.ncbi.

-1249-



nlm.nih.gov/geo/ ) H1 6 HUEL T LR IEAAE i 1) 22 PRLES 1,
W 3 AR FLIR (NCOFEA 46 4 DCIS FEAS, Ll J
56 M/ INEIEFLRE (IBCOREA A R A4 limma
(Version 3.30.13, http://www.bioconductor.org/packages/
2.9/bioc/html/limma.htm! ) EEHCEE AR 208l , I8 B0d
BT ST IE A1k R 2 D ERET XS

WIS 2019 5 4155 12 8

o [7) — A PR, PR S AR Ry di i (4 B R 33k /KT o
FE A MR AE Bk A F 36 1 2% 1K ) i A i K 24
Robert Lesurf {722 T GEO R ERI SR, FEH
&5 GSES9248, LA F- 15 0 GPL13607 . 44 A i
HMEARGFRIWE 1,

R PABF ARG L)

FAMFE DCIS B4 (n=46) IBC & (n=56) NC ## (n=3)
AR (gL %) 57 57.6 55
Mg AT /0710 3/15/35 11/19/22 -
W 28 2 AR B /e 3R 32 (B (ERVER ) 26/11 38/18 -
ZER R 2 AR AN 1 2R 2RI (PR/PR) 23/14 34/22 -
TR AR 3208 2 BT / T A K F32 44 2 [P (Her2*/Her2") 12/22 10/38 -
R EE5E RS PP / 4 0/46 13/43 -
A BVE S (Lum A) 17 19 -
B #4459 (Lum B) 10 17 -
SR AN RE P 8 8 -
1.2 ik 8 FIR KT 3 R R L R 678 A, A 35 4 i A 3
1.2.1 53R M R A limma 32438 B4R 8 A% AL 5L MMP-24 MMP-12, PI3K/AKT

(28 B DU s, WEREAS AT 25 S R R 43 Aot
25 OB W2, 43312 1BC 5 DCIS.DCIS 5 NC.
# P<0.05, |logFC | =0.585 it JE KAl 22 5 Fe ik 5k
s I T4 22 S R R PRI R AT 3 1040 #T o

122 ZRERRIKGHIT Ex IR E B
gl 22 R I fdTH STEM 4K {f: (version 1.3.11, http:
/Iwww.cs.cmu.edu/~jernst/stem/ ) VE R4 # a3 Aol i 1€ b
FIR KRl NC-DCIS— IBC FY #4334 i 75 1k i) 2k
A B A7) 4 g BE DR o RS TR e B S e KB H
WHE N9, PEHEE N 0.05,

123 ZERFILEFNMESHBEEEST FHR
BAFALRY clusterProfiler” W 25 5 ¢ 1K 3 R 47 5t # 5E
DR AL N 4 R4 (KEGG) 5 53 % & 0 .
P<0.05 LA .2 B AR 45

2 R

2.1 1IBC 5 DCIS.DCIS 5 NC 2z 5 F ik I A i v 45

IBC 5 DCIS &kt 1 163 N FRIAFLNA , H
FEIRKE B E A FEN 485 A, 404 40 i A1 L T 4
JEB TR B L5 MMP-11 , MMP-13 MMP-1 MMP-3 .
MMP-3 MMP-2 MMP-14, i Ji5 BE LI 3-8/ 25 1 3
fifi B (PI3K/AKT ) & fk [ Je L 32 AR R % il i1 CX -
CL9 .CXCL13.CXCL11,CXCR2P1 .CXCR4, PI3K/AKT/
mTOR {Z 5 il % /% F COLIA1.COL1A2.FN1.THBS2

-1250-

Atk N R HAZ AR G5 B 5t CXCL6 .CXCL1 ,.CXCL17,
CXCR2, PI3K/AKT/mTOR {55 i %4> F LAMA3 .FGF-
10 45,

DCIS 5 NC Fe#ffik i 3 439 P22 kL,
Hrp R 83E LIREER 14354, iS40
I 4 )| 2R B R R Bt MMP-1 MMP-10 MMP-11,
PI3K/AKT/mTOR {5 5 #%4>F COL6A6 .GNG2 .VEGFB,
Y E C P4S0 KK AL CYP4Z1 Il CYPAZ2P; # ik
JKOF 2 R IR 2 004 4>, {05 NMT1,ALKBHS
T ADAMTS2 45,

LSRRI E LK 1G-R), Bs 3 AREA
FREDR ek B Ol , 1T & 0 22 S e R SRR O o 2 A 4043
Fralhn & VLR 2, % DCIS 5 IBS A4 e E S, i
W1 DCIS 5 1BS Z ] A e [F] 2 Ak, {52 Rl #a S5 A8 4k 1)
R,

2.2 ERRXIEFEFE DCIS 12 E JF 7 i 3 4
Br BRI 4R WoRBEE NC-DCIS-IBC i#F f FF2E
IR AL 10 4, 038 = EF A 49L1( TRIM49LL ) |
1B B A IR IR [ U8 A 1 (MNXT) 5L 45 s 4 11 g
(MMP-1).C RIEELE E K% 3(CLEC3A) . [R5 & 3 [H
12(HOXC12) . 40 Jifd (7 & P450(CYP4Z2P) Fl K HI T fig
H:[H PP14571 . LOC732272 .LOC729722 .LOC728606 , Ul
2. SZMXRN BT REIERA 124, W 3.

23 ERRRIENMGETHEEESILESER F5



WIS 2019 5 41 5% 12 8

2 FEWIr AR

®cis
Apc
ENC

&2 [l DCIS &R TEHE R k2 L A

Feik 22 F log2[v(i)v(0)]}

FEH AR

DCIS vs NC IBC vs DCIS
TRIM49L1 121 1.05
MNX1 1.02 0.99
MMP1 0.81 1.13
CLEC3A 1.06 1.19
HOXC12 0.79 1.05
CYP4Z2P 1.24 1.08
PP14571 1 0.98
LOC732272 1.27 1.36
LOC729722 1.06 0.79
LOC728606 1.27 0.99

F 3 i DCIS 2V Mk B R A HE L T R p S
—— FikZE F {log2[vi)VO)])
DCIS vs NG IBC vs DCIS

=4 #HH(TRDN) -1.03 -1.22
A2 1 (TNMD ) -1.06 -1.19
R- HHEF I 1(RSPOL) -1 -1
s AR EE A (PROLL) -1.08 -1.24
3 FE (LEP) -0.89 -12
FLiE#E H alpha(LALBA) -1.98 -1.97
22 i B VA G T (KRTAP21-1) -0.92 -1.02
PARTEE 1 B7(HSPB7) -0.93 -1.04
%% 11 kappa 3(CSN3) -1.45 -1.46
%% 11 kappa 2(CSN2) -1.85 -1.77
1% 4 A kappa 1S1(CSN1S1) -1.31 -1.34
I L LI 3L (AADAC) -0.91 -1.13

A AR AT S SR R, PISK/AKT AN AR 35 4515 5

3 43 F 5 W R DCIS A KR i 1
SR, WAL 3.

T J R A7 AE

PI3K~-Akt signaiing pathway |

Cylokine~cytokine receptor interaction { el

Focal adhesicn{ bl
ie-0d

Protein digestion and absorplicn | 8
in digastion and absorplion .

ECM-racepter interaction |

Amosbissis |

a R

IL-17 signaling pathwary {

G it and

[ 1T TR
T EELE

Hematopaletic cell ineage L]

Staphylococcus aureus infaction]

3 8 ]
= =1
GeansRato
b
PI2K-Akt signaling pathway ®
Focal adhesion
pralue
Alcoholism 8]
00012
Prostate cancer- L 00008
ECM-recepter interaction 0.0004
PPAR signaling pathway{ ']
. " Count
Acute myeloid leukemia L]
L)
Regulation of lipolysis in adipocytes LR
[ X
Fatty acid degradation
Phenylalanine metabolismo =
8 2 &
o =l o
GeneRatio
=X N e P 4
B3 ZRFRIEFNGESEEEEMLER (a:DCIS vs NC;

b:IBC vs DCIS)
3 it

ARG R DG B F R TR &0 T s
NC.DCIS 5 IBC 3 253t 105 M R FEA 1 GEO %44
JEFER IS F GSES9248, & FlALHE MNX1 . MMP-1 7E4
(9 10 A FHEPR R IkBES NC-DCIS-IBC EFE 52 B 5k i) ¥
PEPEFRIR R, HE AT E7E DCIS 12 Pk | o & 15
YEHT ABAT 75 15 PRI S8 S80E . FLAR L R 4 A AR S
— R, @?ﬁii SR A DCIS A1 IBC JLA
BrBLiEFE. DCIS i W e oy & 1BC O ZLAR i

AR, B AEZIRTT O 25%23 K&, IBC,
AT A B NS IAA T S DCIS B 2RI T,
{HAFAE AR [a) 8 : (1) kb W 5845 FH LA DT DR A2 7
DCIS Zyi#t ek IBC; (2)id BEiRYT . it 485 DCIS %
AR TR A= i c 4 b LR R R T 1 G A

IR BT & L, MNX 1 15 235 7] B8 DCIS
Syt R IBC WA Yhn i . MNXT R T AL
& 7q36.3, 41K 12 801bp, £ 7 3 AMHME T, g i —F
A 403 DR FEIR I S R MNX1O, HLAR 450
WE—THAREZEMNZRNEARERZ X, —
/\EE%E‘L? 2 FA R F 3 dafidh iy RIIR G5 H B 55 4h  7E
[F) VR 5 A 35 U A — A PR 82 AN I R 4L B 1) =

-1251-



PRSP IX . MNX1 28 H B A S RURTE -5 ff - 1R e 4514
() 3 /N BEE X3k o FELA ) 75 A R IR S5 A S B A L
BRSP4 2 A5 3 185E, ] LA DNA AH4%
B MNX1 85 SR R 3 I i AT A2 A At 5 A7 (]
IRES PSS B 11—, JLRBRE AN A TATA 454419 DNA
M EAER, JFH AT GBS A0 T 5 om Ak g X
) MNX1 Ji 8 F TATA Z5 5K A3 B B i gk,
MINX 1 5 PR PR LA JR i Rk L 21 2 R 3R T 9k &
I, MR IE H & B S i s e & ou AL T w1
A 3 e 2 PR 2 P % (TCGA ) B 3 A B A ZH 2 qRT-
PCR 35iiE, MNX1 7EZLIME T 3RIA8 B TH5, JF B MNX1
5L BRI PR B AE AN Her2 DA Rz e AR S
MNX1 35 MR, AWFoE 2 53885 H 5 i
B AT 4E R s PIBK/AKT 15 538 B& Bt DCIS 32
PR R AT YRS L $2 75 PIBK/AKT 5 Sl ig nl g2 5
MNX1 FiE P AR A5 R 7R , MMP-1 AT 58 R i
TERY DCIS & ik JE R 1BC WA Yitn &Y. MMP-1 7E5L
g RN A Bids A R e rh s i E AR A, HLR IR
MMP-1 k)5 , B S A0 A 5 TR F R 220855 , -
HLAE R M A K TR 32 A I 2 R Vi 4 ) %) (EGFR -
TKI i 24 fifi B i 12 A% A= 28 rh A7 i F AR M,

g Lk, AR A YIE B 2B T A i
FEFLIME T A e T I B RS Sl A i
BE— L Ve T B NC-DCIS-IBC #a# F k54t |-
WELE AN, X B MNX1 MMP-1 #] fE N5
DCIS ¥ 19 P 2 i i AR G 356 R, PI3K/AKT 15 538 [ ]
EZ 55 MNX1/MMP-1 {2 DCIS =gtk E ., A
AR RALS RAEYE B2, DL WD) Re L A
55 2L i B AR DG S A 1Y) 43 AL AT 75 1 DR A FE A
SEYG YR

4 BEHK

[1] Vojtek M, Marques MPM, Ferreira |, et al. Anticancer activity of pal—
ladium-based complexes against triple—negative breast cancer
[J].Drug discovery today, 2019, 24 (4): 1044-1058. DOI: 10.1016/j.
drudis.2019.02.012.

[2] KBH LG ILIRSENBNIMEATT RV FEEFZRE, 2014,
94 (48): 3865-3867. DOI: 10.3760/cma.j.issn.0376-2491.2014.48.
019.

[38] Lesurf R, Aure MR, Mork HH, et al. Molecular Features of Sub-—
type-Specific Progression from Ductal Carcinoma In Situ to Inva-
sive Breast Cancer[J]. Cell Reports, 2016, 16(4). 1166-1179. DOI:
10.1016/j.celrep.2016.06.051.

[4] Law CW, Alnamdoosh M, Su S, et al. RNA-seq analysis is easy as
1-2-3 with limma, Glimma and edgeR[J]. F1000 Research, 2016
(5): 1408. doi: 10.12688/f1000research.9005.3.

-1252-

WIS 2019 5 4155 12 8

[5] Ermnst J, Bar-Joseph Z. STEM: a tool for the analysis of short time
series gene expression data[J]. BMC bioinformatics, 2006 (7): 191.
DOI: 10.1186/1471-2105-7-191.

[6] YuG, Wang LG, Han Y.et al. clusterProfiler: an R package for com—
paring biological themes among gene clusters [J]. Omics : a journal
of integrative biology, 2012, 16 (5): 284-287. DOI: 10.1089/omi.2011.
0118.

[71 Groen EJ, Elshof LE, Visser LL, et al. Finding the balance between
over— and under—treatment of ductal carcinoma in situ  (DCIS) [J].
Breast, 2017, 31: 274-283. DOI: 10.1016/j.breast.2016.09.001.

[8] Feinberg J, Wetstone R, Greenstein D, et al. Is DCIS Overrated? [J].
Cancer Treat Res, 2018, 173: 563-72. DOI: 10.1007/978-3-319-
70197-4_5.

[9] Zhang L, Wang J, Wang Y, et al. MNX1 Is Oncogenically Upregu—
lated in African—American Prostate Cancer [J]. Cancer Res, 2016,
76 (21): 6290-6298. DOI: 10.1158/0008-5472.CAN-16-0087.

[10] Leotta CG, Federico C, Brundo MV, et al. HLXB9 gene expression,
and nuclear location during in vitro neuronal differentiation in the
SK-N-BE neuroblastoma cell line[J]. PLoS One, 2014, 9 (8):
€105481. DOI: 10.1371/journal.pone.0105481.

[11] Flanagan SE, De Franco E, Lango Allen H, et al. Analysis of tran—
scription factors key for mouse pancreatic development estab—
lishes NKX2-2 and MNX1 mutations as causes of neonatal dia—
betes in man[J]. Cell Metab, 2014, 19 (1): 146-54. DOI: 10.1016/j.
cmet.2013.11.021.

[12] Wang Y, Wang J, Zhang L, et al. RGS12 Is a Novel Tumor-Sup-
pressor Gene in African American Prostate Cancer That Re—
presses AKT and MNX1 Expression[J]. Cancer Res, 2017, 77 (16):
4247-4257.DOI: 10.1158/0008-5472.CAN-17-0669.

[13] Leotta CG, Federico C, Brundo MV, et al. HLXB9 gene expression,
and nuclear location during in vitro neuronal differentiation in the
SK-N-BE neuroblastoma cell line[J]. PLoS One, 2014, 9 (8):
€105481. DOI: 10.1371/journal.pone.0105481. DOI: 10.1371/jour—
nal.pone.0105481.

[14] LvY,LiH, LiF, etal Long Noncoding RNA MNX1-AS1 Knock—
down Inhibits Cell Proliferation and Migration in Ovarian Cancer
[J]. Cancer Biother Radiopharm,2017, 32 (3): 91-99. DOI: 10.1089/
cbr.2017.2178.

[15] TianT, Wang M, ZhuY, et al. Expression, Clinical Significance, and
Functional Prediction of MNX1 in Breast Cancer[J]. Mol Ther Nu-
cleic Acids, 2018, 13: 399-406. DOI: 10.1016/j.omtn.2018.09.014.

[16] ChengY,PanY, PanY, etal. MNX1-AS1 is a functional oncogene
that induces EMT and activates the AKT/mTOR pathway and
MNX1 in breast cancer [J]. Cancer Manag Res, 2019, (11): 803—
812. DOI: 10.2147/CMAR.S188007.

[17] Hsiao CL, Liu LC, Shih TC, et al. The Association of Matrix Metallo—
proteinase—1 Promoter Polymorphisms with Breast Cancer [J]. In
vivo (Athens, Greece), 2018, 32 (3): 487-491. DOI: 10.21873/invi—
vo.11265.

OIS B #9:2019-03-20)
(A SC ot - 2200



