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[Abstract] Objective We explored the potential genes and pathways involved in the development of breast cancer to
determine the role of IGF=2R gene in breast cancer. Methods The differentially expressed genes between breast cancer and
normal tissues were screened by "GEOquery", "idmap2.0", "Limma", "Clusterprolifer" and other R packages, and GO and
KEGG analysis were performed.String, gepia and ualacn databases plot protein interaction networks,and analyze the correlation
between IGF-2R gene and breast cancer hub gene, and the correlation between IGF2R expression level and basic conditions of
breast cancer patients. Results The 128 up-regulated differentially expressed genes and the 256 down—regulated differentially
expressed genes were obtained from fruit screening. IGF—-2R gene was significantly correlated with core genes ASPM and
RRM2; The expression level of IGF-2R gene was significantly decreased in breast cancer (P < 0.05).The expression level of
IGF-2R was closely related to the patient's age (20-80 years), clinical stage (I, 11, I1I), menopause and lymph node metastasis,
and the difference was statistically significant (P <0.05).The expression level of IGF-2R gene was significantly decreased only
in luminal type (luminal A and luminal b—her2 negative) breast cancer, and the difference was statistically significant (P< 0.05).
Conclusions IGF-2R participates in the regulation of breast cancer through positive correlation with ASPM and RRM2, which
is expected to provide new ideas for the prevention and treatment of breast cancer.
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BRIEERE IR S EE R, 2020 4E BT & 7L
A 210 J7 , BT 191 31.6 7, H R J R A HE R
B devae i 0, B AW TR, RE
FLIR I B T BRI W (1Y 24% , 5 IR RE AR OC
FET IR 1918 30% , AU T il , Js Ay ™ B 5% W) 22
fat FE AR I 2 — 12 RS B IR IT 25
AN B I RIA T O 1 W o o, TR 7L R AR
B S A7 A P i B i T 2L R A A
JE BRI R AN RO 22 KA 45 25407
T 1) 25 ) SR B 2, B0l LR AR IR YT
b A B R R RS T s e L S A R AR
fEeA, [l FUARE 2 W FR Y R R T
EREJT, UHIRAE 42810, i i JAR 2R 4
JUE S R R AR TS . PRI RO LR AR
R EAILE A2 48 7T Be B PR 5, X T A A L
FdEE e AP L BRI ) R s 2R R JE 38 2 QL

[l 5 R FE A2 4K R - 32 1K 2 (insulin-like growth
factor receptor 2, IGF-2R ) J&—Fl A6 T BH S T~ 1)
HEEME-o-IR 2k, 2 5 AN iz IR LA T
TE R T 4H 35 240 B 0 T A Mg 0 55, 1IGF-2R
TEZ Pl b 2 21 b 2 IR BRI 5
B DY RIS B YA G, AT BE LR i g vh k2 3
— MR SE R VR . WS R W] IGF-2R Rk Bk
Ul BR IGF -2, S BURAE A A2 1 3K D4 i
YHIG5F AR ZE RS S AR T SRS
F W] IGF-2R 3t % 35 5 8 IGF-2 A FI R R AL , il
IGF-1R 4l PI3K/Akt {5 53 % , A0 Mo % 4, 1%
AT, (EJE, IGF-2R %t FL AR 00 0 1
BSRAFTE R . ST E4E | B AR Y AE BA ORI &
J& AL I A P E B IR AR
PR A AL M AL , ST R A R R,
T2 A W27 AT SRR O %) 5 DR AT R AL i 2R
PR Hb i BE ALl = 2 (R 8, Seii2 i 2tk S it
B o AT T AR TR 3R GR 25 5 B 7 (gene
expression omnibus database, GEO) J&iE K [ 4H K i
AR Z (the cancer genome atlas, TCGA), W AWM=
BEEHOR AT IGF-2R TE 2L A A % i h A
FE B, AL FLIEIGYT I 24 R iyl .

2 BEFEREMESFEST

2.1 HIETRik

38 26 B E 2 A4 Y115 B 4 0 (national center for
biotechnology information, NCBI) (https://www.nchi.
nlm.nih.gov/) , K & GEO [t i R ik 54 . £ #
GEO datasets 5% H , i 26 PR 2 25 015 2 5 T80 A
HG- U133_Plus_2 Affymetrix Human Genome U133
Plus 2.0 Array (GPL 570 *F- 55 ) By £ 45 4 GSE31192"
1 GSE42568", Horft GSE31192 544k i 20 I FLAR
JiiRg 2L A0 13 51 i FLIRZH A A . GSE42568
DRES i Hy 104 {51 2L i g 20 20F0 17 491) 36 LA 4
A
2.2 AMEEFHH
2.2.1  FLUIRE GOS8 Ak B 25 S R A LI
ST “GEOquery R4 F 2 GSE31192 Fil GSE42568
BsgE . Limma” R 4243 B P~ 5icdis 42 261 7
PRUEAL A5 I A 2 At A0y b B R BB [ g 2 K]
FEIRGE 5 30 3 “idmap2.0” R A% I PR 33k 1% R 7 L
IR K0 RS FL R ZH 2 (Tumour) |
FLAME 5202 (Normal ), F“Limma” R A3 722 57343
B 15 31 22 55 3% 31 BE [A] (different exppression genes,
DEGs) ; & H“FC 2 "X IR B #1474, P< 0.01,
log2FCI=2(FC A 4) /1 A BT ELAARIE , T ggpu—
ber” R A2 ] 22 5 I B L B, FH “pheatmap”R
FL 2 22 S AR BE I TR
2.2.2 LI 2% e ROA BN E AR 0 S AR S i
M FEEAARE GO (gene ontology ) F2 X Jk K] A 75
P15 7 240 JH v 1% D BB A T 3 R R A 1 A
GO 73T F A5 41 i 43 (cellular component,, CC.)
4y T 3188 (molecular function, MF) | 4= 4 5 #2 (bio—
logical process, BP)!" "SGR HL A 5 KL R 2 1 B 42
45 KEGG (kyoto encyclopedia of genes and genomes ) J&
USRI 8 8 R38Ry AR T 4315 5 ir i 4R
FRIE % , A3 H AR BE DR A AH DGl e S5/ P
FH GO 5 KEGG & 453t HAREE R 19 4= 9% D e
NAG S o SR A “Clusterprolifer” R £ 32 B DEGs
Kl , W HPE T KEGG F1 GO B4 . LL P<0.05
R AR , 37K DEGs B PAE H1 /B KHEF , BT
10 50 A WAL 25 A< I
2.2.3 2% 5 AR KL DRURH SC 2R 1 ARG AR AR FH 9 2% 43
Pr o A EAEFHEEE STRING (http : //string—db.
org) AT R M EAEH R EHEE . Cytoscape
J& AT BE A HE 1 A5 0 7 Z IR A AH LA O R 46
I A AR B 2 B 8T STRING s 7 A 2
DEGs Jilf &3k (12 11 o Z Al A BAE G &, R R
FH B 5 P Y Cytoscape J8 1422 il 25 11 5% HAE ) 4%
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(predicted physical interactions, PPI) . Cytohubba fdi
14X i DEGs #4717 15, (Degree ) 22 /D E4 70 155 , DX
Degree HE 752 TOP10 ) DEGs i #Z.0> (Hub ) JE[A

2.2.4  Hub JE[H KKK IGF-2R JEH Rk K
FRORE DG o3 B B DR 3R 3k 1% 22 B AU 23 AT (gene ex—
pression profiling interactive analysis 2, GEPIA2) &—
AN 98 E AH S AF B HEAT 20 M 68 DR B £ 5 Bt
JE 43 B ok B TCGA B4k 13 1 3k R 2% 3k 5%
i o GEPIA2 Al DLER XS 452 YW RD R AE BEA 7 E
BEAT RS A L AR AS [6] 21 21 v 22 S L R
e TN CE OO E U S e B 2 ] T 2
B R EAF AT LR B B 22 S 50/ N B ik RS
FLDN () Z (A IR SG 7 M s o F GEPTA2 B 3k ik
T A AT B PR 43 BT IGF-2R B R k7K F 5
Hub & K Z 387K AOAH G

2.2.5 IGF-2R JE[H -5 2L B g BEARF AR AR DGR o
I3 FH TCGA B8 % F i UALCAN %048 1% (http : //ual -
can.path.uab.edu/index.html ) 7] DX} 983 4iF 5% 51t 2 20 P
PEATHR A I #r , I8 2 AT B4 D TCGA B dls /3
FENT R | ST FE UALACN 5048 P 431 0 B 504 485
BR IGF-2R K& [N 2 1 K15 LR B AP
AR PRGN o TR R 75 4 25 DA Rk L 4
25 o PRI R RH G A

3 &R

3.1 SURBASRGHBEEFEARNKALR
GSE31192 Fll GSE42568 415 A 40 7 124 £ 71,
i 9a 2H 2R 30 9] TE LR ZH 2 ) i PR R 1%, X
DR 2 K 35 R4 T PUAL BE K 0 e 45 21 393 4> DEGs., 15
B FRA LA, FUR R A b B2 B AR
A 1284, 1 i R IR AYEE N 2651, DEGs %Kik
ZER A 1R
3.2 EZFAZARG GOFKEGGHER S 5
i 1 “Clusterprolifer”R A% DEGs #:17 GO ¥t
ZEANE 2a iR . DEGs 25 M A2l
T Z A0 A ) B AKR Y SE A (multicellular organismal
homeostasis) | fig ft, JZ i (response to acid chemical )
fg 5t % 17 (lipid localization) | ¥ 15 fg 5 A% 15 1o 72
(regulation of lipid metabolic process) . I K7 2l it 344 5
PH 2 (regulation of epithelial cell proliferation) | 4 JK
G R G0 K& ( urogenital system development ) i i
JZ i (response to alcohol ) | 21 AL X5 2 P4 9 J5i 1) 2 o
(cellular response to acid chemical ) . B Il BR JZ i
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Heat map and volcano map of differentially
expressed genes
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(a) The heat map of differentially expressed genes. Blue in—

Fig. 1

dicates low expression and red indicates high expression. The
smaller the difference, the lighter the color; (b) The volcano map
of differentially expressed genes. Blue indicates significantly low
expression, red indicates significantly high expression, and black
indicates no significant difference.

( response to fatty acid ) g A ( lipid storage )o

DEGs & 42 i) 241 e 41 43 32 248 v 7 e I 2 1 -
13, 5% 21 B 41 3 T (collagen— containing extracellular
matrix) | 2 A — 40 MUK 45 (cell—cell junction ) | 2 ffd i
% (membrance raft) . JJ5 i 45 #4 3% (membrane micro—
domain) | JJi& X 38 (membarane region) T A B AR
Ji (apical plasma membrane) . H1 {4 (midbody) . i /i
(lipid droplet) | ¥ 48 B9 4% €8 4K 35 22 53 X 3k (con-
densed chromosome, centromeric region ) NiHE Y-
A JEE (1ateral plasma membrane )\

DEGs & 2 & £ 1 4 F 21 B8 (molecular func—
tions, MF) A . M i 2 B 47 & (glycosamimglyﬂan
binding) | it k91 4 % (sulfur compound binding) | Zfi]
AR 250 (extracellular matrix structural constitu—
ent) JFZE 454 (heparin binding) B E 1576 20 (ki-
nase regulator activity) SERETFES (growth factor
binding) . 25 [ 384 B 98 15 [ 5 16 1 (protein kinase

regulator activity ) A RGEL( integrin binding) NS

165 37 1A B 11 38l 35 P (transmembrane receptor pro—
tein kinase activity) 5545 85 145 & S 5 40 M [RDRS B
(cadherin binding involved in cell-cell adhesion )
BE— “Clusterprolifer” R % DEGs & 4E
9 KEGG i 5@ AT 04 | HUXS , 45 R i 2b Bir
N o i S AR W T A B O 2 RS T T B
(PPAR signaling pathway ) . B I 5t AL 3— Pl 15
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18 % (PI3K—Akt signaling pathway ) | 25 [ 22 B 7E S 4
H A9 VE F (Proteoglycans in cancer) 3 BR TS 26 1
W% 530 5% (AMPK signaling pathway ) . JI§ 17 4 g
S Ey (Regulation of lipolysis in adipocytes) . Jigz
J% (Bladder cancer) i JE9& ( Prostate cancer) i Jifl
AL - 32 AR A H A A (ECM=receptor interaction) .
P [T i — 3781 45 4 = W I ( Aldosterone—regulated sodium
reabsorption) | J&) kEZL 1 (Focal adhesion) o

a i o b

PPAR signaling pathway
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Fig. 2 Enrichment analysis and signal pathway of
differentially expressed genes

@GO 73T, B AR AR 5 4R 2 GO term FY 22 5 AN,
ARy B L F GO term HHiIA s (DKEGG S {553 it , 1t
ARy 4R B2 pathway 9 25 5 ZE RSB, A AR 8 6 4R 2
pathway [FJ 534 .

(a)Go analysis. The abscissa is the number of differentially
expressed genes enriched to term, and the ordinate is the descrip—
tion to term; (b)KEGG analyzes the signal pathway. The abscissa
is the number of differentially expressed genes enriched to the
pathway, and the ordinate is the description of the pathway.

3.3 EHORMEAER ML Hub A H %%

i1 Cytoscape FA4: LA STRING B4k 22 A FE itk 4
## DEGs [ PPL M 45 (ULIE 3a) o i Cytohubba
PA Degree {HHER? , fiiEf55] TOP10 FFRERIF A Hub &
A (LI 3b) , 2351 TOP2A \NUSAP1  ASPM \MELK ,
UBE2C.CCNB1.CDC20.BIRC5.CDK1.RRM2,,
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Fig. 3 Analysis of DEGs protein interaction

(@)DEGs FyHE A BAR R, AR E R, RBAUREA T
HATAREAEF 5 (b)Hub B8 RUAR B AR IO AR 181, B BARE 1,
2 B R A=A AR EAEH]

(a)ln the protein interaction network. The circle represents
the protein, and the line represents the interaction between pro—
teins; (b)Hub gene interaction network. The circle represents the
protein, and the line represents the interaction between proteins.

3.4 SUREJE Hub A B & 3A KT 5 IGF-2R A B &
KR AR ST EER

i 5k GEPIA B4 P2 43 7 IGF-2R &[Ny R ik
Hub i R 35 1 AH M & B, ASPM AT RRM2 S [R5
IGF-2R A R 7K - A e E s . 340 031,
3.5 IGF—2R 3 B & A KT L5 SURR I s JR o 22 4% 2
B AR RS SER

FIIF UALCAN %548 5 43 B FL X IGF-2R 5[5 11
FIR V5 ZUNR I I R CIRRE 70 W AR e
PR | BB A 2 S R LSS RS ) A S L 2
W4 PR, SIEFFURASAH L IGF-2R JE R KA
KOPAEFLIR IR AL rp B R (P < 0.05) . IGF-2R
FoRKO 5 B AR (20~80 %) IR AT (11,
M) & 2217 L Fn bk 2 245 5 3% %% DT A 6 (P < 0.05) .
(R 7E FL 96 B B b 56 B8 (TV ) s IGF-2R
FEH B AR FTRIRAL, (A 22 7 G4 L (P> 0.05) .
IGF-2R A 1) 2 15 /K AN AE Luminal 2! ( Luminal A
| LuminalB—HER2 BH ¥4 Y ) F, Bf 988 8 2% PR AR
(P<0.05),5 HER2 FHPEAY | = BAMEFL AR I8 ) £ 1k
ZRTGIFE XL (P >0.05),

Expression of IGF2R in BRCA based on Sample types Expression of IGF2R in BRCA based on individual cancer
stages
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Fig. 4  Correlation between IGF—2R gene expression and
clinicopathological characteristics of breast cancer
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H SRR . (Rl TR A A o
Pk, S 20 245 P Y H B, Bofl LS e IR YT L AR
LA K KRR TG T LR SR I At
., IGF-2R L R R ¥ 2L i Ve A s, i
ST B A W AF B A4 M B IGF-2R 55 ASPM Al
RRM2 ik 2 BLIEAHC .

ASPM J& 5|2 A5 2 AU H G o (A ik i P /)N
SLIRTR I 2S48 LR . ASPM 76 i 28 41 it v LA g
TAM AR ic P IAE ™, ASPM ™ I8 38005 9K 3 26 1
FER s b B AEAE A T 0 B 53 24 0 A8 v i 5 43
L AEA 2253 Bk B T RO B L LR AR 1Y
REREEEERY, WGS9 &K, ASPM
() [R1 IS A A0 455 30T 20 A, FLAE X BE 21 2 7% e 240 e Hp
ASPM 2 B FR IR HE BE RS 1 H. ASPM 7EAH [R] 21
LURR PR AU B A h ek AR TR, Rk g
Jib 8 2 AR 28 R I TS AR e, AR ST KR,
IGF-2R 5 ASPM ik £ BLIEM &, HE,IGF-2R
TEFLRR IR AL 2 ek H R BIRRAR . X5 ASPM 7R
Jib R 4 B P B R R A SE IR R A — B, B A MR
52, ASPM 7E wnt/B—catenin {55 53 [ (1) [ i & 4% 11
] R T AR AR s 20 . 9 S R & AR
KRS E ™, (B, FLARMRIZH 4L IGF-2R
25 X IGF-2R %t iyed 4 e Al Vi 1

% % 18 )5 il (ribonucleotide reductase, RR) 0] {i£
PR B 1) I SR T B S 1L, & DNA &
FE 51 B it , o 40 it 0 2 38 e oAb LA E
AR o 4TS PE /N IE 3 M2 (vibonucleotide
reductaseM2, RRM2) F ik /K E g™, B A3
W], RRM2 J& DNA 5 i 5 50 05 18 52 il 42 ) PR s il
RRM2 HEPRI7E B B e T 1k R g0 g (S
i B IR ) LR R B B I S
22 i 20 L R ek . AR RRM2 A5 1) F REAIG
RR A3 e, T sk Jib e 40 B iR 98 12 RRM2 B IA Ky
SEIRAEIR YT B E B T, 7 H AT B & R A E
XFF IR A B & A R A B VER . IGF-2R
5 RRM2 1EAHSE , 2 W IGF-2R X i 40 Bt 03 T 1)
PEEVE . S5IEH FUIRAL SR E , LR B 20 21
IGF-2R B FEAG AR IR T X — 4518 . iE— 4%
Z IGF-2R Fl RRM2 (Y 4E FH B 5 200 2L g 1) & 2B
K J s BRATL ] 2 B S, ok LR 1)
Bl RS R I T RE

W KB, 5IEH FLIR AL 2 B, FUIR s 41 21
HIGF-2R LR (R AL, KB IGF-2R 1E
P9 Ik R e LR & AR R R R h R HEAE A
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Phung 58P ISR AR AERIR T 40 2 () j 3 R
ZMTUG . HAR 40 % DUT UM B 1Y Ao 22418
T 4% AHAENE /N AEAF B 22 ST S B TR 3R L Ry
BETE35 % DL BB A, 514 7L 2
L, UK IGF-2R HE A Y 33K K P AE & AR I B B
BE TR AR AR (R A 21~40 X A FL
PRI AL RIA R, X R 21~40 2 FLIV B3
TG fe 22 o T3] T0 309 100309 0 TV 390 L o 4 41
IGF-2R [ R B A, HIGF-2R JE 7L TV
WFLIR A h IR AR, 456 BRI S R ]
LIV IFL R TS e e o (HJE b T 5 IV I FLR
FEAH MR 25 RICGe 7 3 3, T RE S FEA KD
A XK. ARG IRAZLE S AR AT
D5 PR UG CR . IGF-2R HE R R A i 7E
Luminal 7 (Luminal A %! Luminal B-HER2 BH{4: %)
FLARIE b AR, (H2 IR TAE & B Luminal
T i BB S AR O A A% (disease free survival,
DFS)5 BARE 1% (overall survival , OS ) #H Fb 4 HoAth
RAFLII 5 NS 2 S R 56t o AIESR
SIS IMIRES AT , T e 5 20 & 255 g 4t
[FZ5EA 56, S EUIGF-2R L HKFE5X Luminal
RUZL R B A T BRI E T o Li 0% L
38 s DA FHI B S0 5, HER—2 PR A1 B e 40
JHIAE R FL IR IR 5 Luminal BYAH 8 25 55 FL A0 25 45
RFNFERS o P, B T AZ G800 TNM 33 s 3153 9%
EWETEIRIN , 53 B X — e bR Al e A7 B T 2LAR
I I R S BRI 9 . — TG T 48 2 RS X 7L Mt e
MRS 5 R RS AT s ER FHPE A/l PR PHAE
T A 2 RS 5 B R A R XU A7 A 35 A O
. ERBHM: R/ PR BHME B E L L), B E RN
DR 38 IGF-2R Kk Rl iR ™, 7 [l 26 28 i L.
g B A KA R I, AT RE S L 2 0T L
i R B AR N R A R LA O B PR 80 2% .
I Ah  IGF-2R K&K Rk it 5ilk M4 B A K
IGF-2R BE PRI R IR B A ik L 45 5 A sl i 1R/
AL

AHESEE i A W AE B A R B IGF-2R 5
ASPM ,RRM2 £7 75 Bl AR 5GP, JL i 15 RRM2 B AH
KM 4E . ICF-2R B #ik 5 B E F % AL
TG DR 0 3] G RS Y A 4 258 55 I 3R A A [F]
FEBE AR OCE . BRI T 2 5 22 1) L At S I R 52
B 25 B0 E (IR 9E £ 4 R W, IGF-2R 76 LR
(1) ¢ HE e T oy i A EE AR 6, A R RO FLR R A
FUB AR
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