$e3t A1 R KR OE O (B ¥ W) 2025 4 1 H
Vol.63  No.l JOURNAL OF SHANDONG UNIVERSITY ( HEALTH SCIENCES) Jan. 2025

XERS :1671-7554(2025) 01-0043-17 DOI:10.6040/j.issn.1671-7554.0.2024.1177

VICN] S HR+EABEFTMEAR XA S8z

RIEE ,FBRF, FLEA, T ER
(DR N R BB 2L B R ISR 14 T 430060)
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VTCNI causes poor prognosis and endocrine therapy
resistance in HR+ breast cancer

SONG Yawen, GUO Liantao, KONG Deguang, SUN Shengrong
(Department of Breast and Thyroid Surgery, Renmin Hospital of Wuhan University, Wuhan 430060, Hubei, China)

Abstract: Objective To investigate the mechanisms associated with endocrine therapy resistance in hormone receptor-
positive ( particularly Luminal A subtype) breast cancer, for overcoming clinical treatment challenges and improving pa-
tient outcomes. Methods Bioinformatics techniques were used to identify differential expression genes between endo-
crine therapy-sensitive and drug-resistant patients. Through pan-cancer analysis, Kaplan-Meier survival analysis, protein
interaction network construction, correlation analysis with tumor-infiltrating immune cells, and in vitro cell experi-
ments, the potential mechanisms underlying the role of the target gene were speculated and validated. Results VTCNI1
attenuated the anticancer effect of Tamoxifen in MCF7 and T47D cells. This gene might alter the tumor microenviron-
ment, particularly the tumor immune microenvironment, through regulatory factors such as Notch4, Slug, Sox2,
LAG3, and PD-L1, promote epithelial-mesenchymal transition (EMT) and affect hormone receptor expression, ulti-
mately lead to Tamoxifen resistance. Conclusion VTCNI regulates the tumor microenvironment through EMT-related
factors, thereby contributing to endocrine therapy resistance in hormone receptor-positive breast cancer.
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AP — MM R BRI, 29 70% 1 3
JUR 98 95 161] 2 ik % 2% 32 4 (estrogen receptor, ER) FH
PERY 2R i & 52 K ( progesterone receptor, PR)
2 ER (5 56 S B2 AR LD . A4
Z/H 1% 19 ER/PR BHE 20 i 2% 15, 122 Jif 983 i 51
R K 32 AR BH P 7L IR 9% (hormone receptor-posi-
tive breast cancer, HR+ BC) ol N IR AE N
B A R T 32 PE R G A 30 ] 97 3, 2 9E S5 RE
FHME HR+ BC BEMKWIBG ", WA WiA
ST )AL B T 5 A I A R A PR AR R
PR R A2 R B sh 7 Fn S 4w RE A5 (P E BT
e LR RE2 IR 16 M 5 L) #EXE i A ER Al
(B) PR FH M 0% 2L IR s 8 2 452 52 R )5 4l Bl 9 40
YT H B SR R vz R RN R R R
(1 R 2

SR, HR+ BC H LRSI G AL 10 4F ATy
FETES J AR, 3 A PR 1 LB A 1) v B S Jo A it
LI NIRRT N 24 1 K AR IR L, T
HAE I A 19497 B9 Luminal A B LR 5B %
HR ST TR P UL T 24 5 R SR A B P
WHRIT 2 4 N BN I Bl 0/ 5 7% P L I i
( metastatic breast cancer, MBC) — £k N 43 WA & 97 B
6 > H NI HERE , db M SORAS P Tt 24 58 SOh
WA BN A URTT 2 AF I 50 U B N 43 AR IT S
12 /™ H WESR & &8 MBC HUE NG 7 & 6 4
Aokl

AW S 1E KM HR+ BC 30 N 4r WA IT
T 245 1 1 O B 2 TR K AR T AL, F 5% o
Luminal A%! ¥ % %% ( B ER + Fl/8{ PR +, HER2-,
Ki67<14%) , [N 2 07 FL R Hh e g o UL EL A
SIUNARITRCR T

1 #RERE

1.1 &8
1.1.1 AYE B Rk IR

W5 85>k B MBC ( https ://mbcproject.org/) .
BRI AE 379 191 2L BR g0 R A 0 A b i 2D
J¥ R B S 2WRNR YT IE SR D R TE [P G
. AR g g — A B LABT IE AU A
BUERMERON
1.1.2 g iR 54

AWFFE P NS AR itk MCF7 1 T47D 14 A

RPCE 8 T4 A BHE A R A A FRic FAM R 07 1Y
/T4 RNA (small interfering RNA | siRNA) Fric
Flag 271 VTCN1( NM_024626.4 ) i 335 [Fok: g
HFOTAEYHAR (i) Bty A RA R, A 5198
HATAY TR ( B A BRA R, DMEM 8
FEF M H 3 H Gibco A A, 4-F KA 5 E OF
Basement Membrane Matrix I H 3¢ [E BD /3 A, Lipo-
fectamine™ 3000 I [ 35 [# Invitrogen 23] , CCK-8 iy
H Biosharp A ) ( H1[# ) , Annexin V-FITC/PI Apop-
tosis Kit W F 2 B0HH 3 5 45 Az W) BB AR A7 R 22
A ,RNAeasy ™ Animal RNA Isolation Kit with Spin
Column 1 [ 116 38 25 K A= W B AR B A A BR A A
HiScript® IIT All-in-one RT SuperMix Perfect for
gPCR ,Taq Pro Universal SYBR gPCR Master Mix 4
P i R A MR B A BR A W TR P
BV O D E W B SRR AR (h
=), VICN1 —$1ly H 2 [E ABclonal 3 7], Estrogen
Receptor o —#T ,Progesterone Receptor —# . HER2/
ErbB2 —¥HiI [ 35 [# Cell Signaling /A 7, LAG3 —
PU.PD-1 — 41, 1l ¢ % 1gG-HRP — 4 1y [ € [
Proteintech Group/\ /] ,

AL EEEES ( PerkinElmer, 3¢[E ) , CytoFLEX
S 4H M9 ( Beckman Coulter, 3% [® ), UV-Visible
Spectrophotometer( Thermo Fisher Scientific, 32 ) ,
Roche LightCycler ® 480 II Real-Time Fluorescent
Quantitative PCR System ( Merck KGaA, £ [# ),
ChemiDoc Touch 1% %& 4t ( Bio-Rad Laboratories,
FE) , 7 8B (Olympus, HA)

1.2 Fi&

1.2.1 A5 R0

1.2.1.1 2 ® P& EH A (differential expression
gene, DEG) i1k

BB EAE R A BA RN WRYT,
AL A B 2 B0 24 B G JH Al 245 4 (I ot s
ity e B R AL A | T TR S TN T bR S 4
B ARKPESEIE ) S 2 il s ) HR+ BC B35 £t 1
H R Z A (WA 4.3.0 http://www.r-project.org ) %
FE N 3 WMBURRITiRY 24 2Z 18] 1) DEGs ., 4 KL P4 43 1
TRYT IR IR B 58 42 58 fif B0 i B AR BURR A (Sen
) FAE N 20 WA YT 5 R0 3R S AR S i 25 4H (Res
1)1 A5 R R e M 24 e SCRYAE S R & it 24
2 (pRes ) , FFA HTIRLE & PETH 25 2 SR A 4k & it
24 (sRes 41), N 2 5 £ 2k 5 >k H Fold
change 7%, 7 P<0.05, | log,FC | =1 1E J i B&
B
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1.2.1.2  FEHAMAIS (gene ontology, GO) FIlE#RIEA
5 N4 H #4214 (Kyoto encyclopedia of
genes and genomes, KEGG )il /-4

SEREH] GO F1 KEGG i e, X th i) HoA ¢
T SR 22 5 BE R R A T D RE RS B 40T
1.2.1.3 SRR FHAAR L RNA I R o3 A

FIF MBC 040 P2 v 0 1 4 i 52 8 $icdi | X &%
H ARG B HAT 4T, I 1 cBioPortal ( https://
www.cbioportal. org/ ) £ 47 JE X 58 A48 37 5 K2 M 4K 1
AR

ML A 3% 35 25 5 U4 72 (the gene expression
omnibus, GEO) 13K 15 75 2 A9 5. 40 4 RNA ( single
cell RNA, scRNA) U F¢ % 45 ( 0 4 9 5.
GSM2813220) , AR FJEXF PN 43 WA VG 7 10 I I s B4 o3
A sc BUAH (sc-Sen 4H ) ANl sc i 245 4H ( sc-Res 4H ) ,
TERMEAEE J BEAT T-73 A Ui A 55 (T-dis-
tributed stochastic neighbor embedding, tSNE) [# 4
PEPE LA S %E A A0) 40 B 64 7%, ) T CellMarker 2.0
(http://117.50. 127. 228/ CellMarker/ ) 3 %] 21 i 5
eV 7 X AT o3 REARIC , DAaE— 2570 A 40
ST R PR SRR
1.2.1.4  H LN £S5 4

BT RIS 25 R K O A STk IE , A58 ik
JE VICNIAEN H YL, O T VICNT 1E 3L ik
JeEd PR 2 21 P ) 2 3515 0, )\ The Human Protein
Atlas ( https ;//www.proteinatlas.org/ ) F8 BT # 5 4
REL Ak 45 2 ffi H] TIMER2.0 %04 #E (http.//
timer.cistrome.org/ ) Al GEPIA %44 (http:// gepia.
cancer-pku.cn/index.html) 410745 VICN1 7£ L Fh
A PR B L T X E R 412U 1 Rk KR
MR VICNT 33K 7K 1Y b AL 80K 98 AR 8 3% 70
N FRIRHFUR R IR, 255 I R A= A7 K, 21l
Kaplan-Meier/f: 77 [l 2& >k ¥F-Ai VTCN1 %§ Luminal
A BT B TS M, A 1 s L,
b2 R T S5 /N2 %o W 4 M $E 55 F (least ab-
solute shrinkage and selection operator, LASSO )
Cox [FIARIAYHEA T I UE , LB PR B B 5 PR 3 85 iy mp
FEME
1.2.1.5 HABRIIRE S sz iE ot

R TIRAIRFY VICN R ECFL AR N 5 B 7
it 25 i nl BEAILH , Al A STRING %44 % (https ://cn.
string-db.org/ ) X} VICN1 #4718 H B e BAE 53
B, IE, ST 0T VICNT 23k 5 25 J ki
968 v [P geg v 4 S22 20 AL ( tumor infiltrating immune
cells, TIICs) Z [H] i 5CIE , FI| | TIMER2.0 %54 1 44

AT AL 45 IRg e 22 A% 2 45 (tumor immune estimation
resource, TIMER) RNA H&SEWAHXT WS 2 (cell-
type identification by estimating relative subsets of
RNA transcripts, CIBERSORT) ,CIBERSORT-ABS
B g8 5 TR 2 P %) LE A8 $510 ( estimate the proportion
of immune and cancer cells, EPIC) 7F N ) £ Fl &
W WO EUE T VICNL 355 TIHCs Z A1
KR PR FREL, U7~ VICNL 78 7L 6 N 53
WAIRTT TR 24 Th VR FIAIL A
1.2.2 4fESCE
1.2.2.1  dffss R S50

NFLBR ANk MCF7 1 T47D 7654 10%Mi6
A I3 AT 1% WAL DMEM 1 5% 2 of gE47 15 5%
A A 7E 37 °C 5% CO, M&1F FIgsE, I
INTESEUARTT B o RSB Y PN 0 WA IR 97 R 5 il
4 pmol/L 4" -2 RS SF A FRAN M, 12 T At
B ISAE NS BRI SR R =T

¥ BRUGIH S {# F Lipofectamine™ 3000 ¥ H 1)
BL PR Rond B2 AR Y 22 MCFT Fl TATD 4 it
o XS IR A 40 g 41 i 4% -PC, i 2235 VTCNI
f) 241 i 2 iy 44 -OE, BT X B8 A 40 il 20 4y 4
N-NC, mi A& VICNI 4 40 il 41 iy 4 H-KD, 1 %
VTCNI (4 =AM 5 (322,392,501 ) i#EA 7w AIK, 4331
AR = R 20 L 2, 4 44 J9-KD1,-KD2 -KD3,
18 12 25 1 B BN ( Western blotting, WB) F15ZHf %2

=)

2 PCR ( quantitative reverse transcription PCR,
RT-qPCR ) SE 50 B iE 4% YL sl %
1.2.2.2 M58 S50

K CCK-8 o I 241 it iy BE BB 8 ) . 4% 4 2
JfL( %49 2.0x10° 4~/mL) %80 T 96 FLA T, #EAT M2
S — IR AE 4 pmol/L M RIS T, LU
IFE) (0,24 .48 .72 h) oy {728 fE AL G SR 4 i ; 55 — 40
SCHAE 72 h N, LIS E SR ) B RY R (01,2,
3.4.5 pmol/L) 2y [ A8t LB SR AN M, K 37 45 K
J& 4 BRGR & B 45, B LA 10 pL CCK-8 ik
F TEA MR A RS 2 h 5, AL AR e
ZRAE 450 nm Y% i (optical density, OD) Tl %,
AN = (ODpeis = OD s sz )/ OD a0
TSI A A S A AT 3 IR
1.2.2.3 A TS0

K Annexin V-FITC/PI Apoptosis Kit £ il {,
BV E A A A P TR O THAR RS
1 FH 5 B R ¢ Y R (fluorescein isothiocya-
nate, FITC)#ric ) B 41 A Annexin V Fl#L 4L P B
( propidium iodide, PI) X ARER FHiEf 744 (%, £ CytoFLEX
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T M A R AR S IR FlowJo 2K (R4S
10.1RS5) #E47 43, FITC 38 38 A5 M )% K 4 530 nm,
PI @A KM 575 nm, ARHE YL A.45 5% | Annexin
V-FITC 5 PI X[ 4 4il ffg >4 1E & 4f e, Annexin
V-FITCF % | PT 44 240 Jfd >y I 5 4 A i 248 ot
Annexin V-FITC A4 PT [ 1 40 iy 5L 309 8 7 40
Jii, Annexin V-FITC ‘5 PI X3 H 1 40 Jfd g 06 300 08 1=
I
1.2.2.4 EEIEHEE

H 2 G J 1 45 2 200 BT Ak B AR, O DAY
1x10° A~/mL B BEHEF T 6 FLAR T, 20 i B
Ja ISR I5 I 8557 8 o B, (DG 6l
BELE AN AR 75 (AT A 1 . RER 1 9 4 A A V%
49 22 T WA T [ 2 , PR 0. 1% 45 fh 55 b AT et
S K RTRET
1.2.2.5 iHAARE

W G JS A MLAE 6 FLAR 35 5% 2 80% ~90%
AR, ARG, 1 200 wL B WA 9w e L
SR —E RS H A TR, 957 R PBS &2
WOHELA L BRI A, 765 A 4 pmol/L fih 5L
Bt FR 3, T 0,24 .48 .72 h B, {f H 5
OB B A A R Y R — B R, R
Image JH 4 ( https://imagej.net/) H ¥ O A& T
FL 6 AN a7 X 49 1 RGE, I AT H —fk4b
LD S = RSN Y D OB AT 2 b 2
1.2.2.6 {KRIMZZEALS

K Transwell AT IRIMZ 225, kA
By 41 i) Basement Membrane Matrix J TG I 15 55 77
Tt 181 LU H B, SRS TS = BEJNA Transwell -
IR IEAE 37 T F#FE 30 min, &
EERIE L, B, G ITE B A 25 s R S &
BN, I LIZY 5%10° >/mL 1Y% B R Tl
UFEEIE Y Transwell 22 FZENHIA 600 pL #)5¢
iR, 29t 48 W EE A, H 4% 2 B W EE [ E
TER A A AN, I 0.1% 25 i R b AT e (o, fifi
FHIE G W iU g8 140 IR PR Image J 4K
PE AR RS A3 M T AR AN A B
1.2.2.7 RT-qPCR

i 8 RNAeasy™ Animal RNA Isolation Kit with
Spin Column LI 45, ML SE 2545 5% 48 h J5 1Y
B Ju 20 i v 43 85 JF 4lifk RNA, f ] UV-Visible
Spectrophotometer il i& RNA FJ 2R i PR A,/ A
et 2y 2.0, BiJ5, # ] HiScript™ III All-in-one
RT SuperMix Perfect for qPCR Fl Taq Pro Universal
SYBR qPCR Master Mix #4754 34 Flisi % 5%, Pic &

U W A& & ), 7E Roche LightCycler” 480 II Real-
Time Fluorescent Quantitative PCR System | /£ 47
. X 1 pg RNA #4T RT-qPCR 4347, ¥ 3L K % 5
1#IH—1t % GAPDH mRNA (n=3) % 274434t
HHMAERENRRE,
1.2.2.8 WB

P B E SR RE SR 48 h 5 A JL A i 5.0, R
FH JL 7 19 9 ( phenylmethylsulfonyl fluoride, PMSF)
TS, i A RIPA 24 i 9% vl i, 76 7K - 24 ik 4
Lo B 10 L (Y28 1 2R 3 ik T e B R A -
SR TN s I8t i B5E JiE ( sodium dodecyl sulfate-polyacryl-
amide gel, SDS-PAGE) k)5, i £ R 5 &
J# I ( polyvinylidene fluoride membranes, PVDF)
o AR i R U B, R TR DR S A i 3 A
S5 76 4 C P SRR —PUNE IR, KH,HS
Tween20 ¥ Tris-HCl 2% wf £ 7% W ( tris-buffered
saline and Tween20, TBST) kiK% & )5, 5 EFbr — 9t
WFE . FREER S, i ] ChemiDoc Touch & &
ES T o e o2y L TRV
1.2.2.9  SRESOLENE

V2 % J T 0 2 T U B 240 i FH ) 3 2
P b BB E R s R B R R A
JEIRE] 90% L) 1, SRIFWCER B, HT PBS 42 nhif i
Ve, 4% 2 R EER € 15 min, FF7E =R T &L
SRR AR BEBRIE DO T 56, M ER RN J AR K
[AF3Z4A 2 (human epidermal growth factor receptor 2,
HER2) ) — #i A }2 FITC F1 Cy3-1 % ( Cyanine3
amine, CY3) Fric i) —Hi W & 40 L, 40 i+ H
1 wg/mL 24 JE 78 FE 05| W [ 2-( 4-Amidinophenyl ) -6-
indolecarbamidine dihydrochloride, DAPI | 4& %, #%
J& RSO WA N S I 48 B AR A I B
PG Hh R (5,25 '8 s 1% 240 L 1Y) 4 B A, S (8 0 3R
/N ER BI5 , 2175638 HER2 BRIA
1.3 SitFEaE

i SPSS B, X Ak 1 &5 70 A B, R
Mann-Whitney #1556 47 43 #7 ; Student’s ¢ 5 56
TR ME B AATE R 2R H5 W M 3 &
PhE 2R 5 L, gt B 25 ANOVA ki, Ik
Ab, il 3 Spearman AH ¢ R BOR AN IS ELE R 2
[AIAAHOCHE . P<0.05 A2E AT X,

2 # B

2.1 AZ BT S ZS DEGs B it
UK S 2l ge AT e, KT 26



KAEL 55 VTCNT 5350 HR+FL IR 75 A B N a7 i 24 47

DEGs ; J5i & PR 24 2H 5 2k & 1 265 4 3547 He e, & BESHRE, WE 1. R 1,
T 176 > DEGs, A 7 3R IR Feig 14 5

A B C
4F e .
4 . SRR TR 220
o RIMS2 + v Ak BTIHZGA TR vs. T 24
sonie | ., 3t . ‘;2
.~ e ‘scnmc;.*i )
Q, GFRA POTEKP | o i) _, e o T
N . ; j
202 A <RS2 oy )E%ﬂg = P R .:-§ vichs AL
NEYAR o SNORATIC R POTEKP ~- e * LA
wilin = SNORATC
b bwove
1F 1k GFRA1
o . ! i L 0 Y
-2 -1 0 1 -3 -2 -1 0 1 2
log, FC log, FIC

K1 iR HR+ BC &5 N UNATT i 25 ) DEGs
A USRS 252 A0 LR XL B A VR 2520 5 4k K PR 25 20 AR FL LAY Sl C 4R R
Figure 1 Selection of DEGs involved in endocrine therapy resistance mechanisms in HR+ BC
A Volcano plot of the comparison between the Sen group and Res group; B: Volcano plot of the comparison between
the pRes group and sRes group; C: Venn diagram.

# 1 DEGs 7E IR lL & 1Y 4%

Table 1 Results of DEGs in the two comparisons

U vs. TH 2420 TR R 2520 vs. 2k 2 VETi 25 41
N2 B - N
llog, FCI gk P llog, FC| ¥Rk P

NPY1R 1.452 9.788 0.016 3.196 11.121 0.007
SCNN1G 1.438 5.780 0.002 2.822 7.100 0.001
GFRALI 1.260 4.232 0.008 1.337 5.251 0.042
VTCNI 1.204 2.817 0.011 1.749 3.790 0.006
RIMS?2 1.156 1.579 0.008 2.647 2.229 <0.001
SNORA71C 1.006 4.621 0.019 1.740 3.808 0.041
POTEKP 1.348 5.360 0.009 1.758 4.601 0.032

2.2 GO 5 KEGG xJ#t[5] DEGs BT BE i B 53 4 TS 1A T 7 2 R XS J5 B T 2R RS Y B L A1 ol
AL LAY DEGs E2 S AMARIIRE A5 PR lJS A AL S ks LS A0 A 2R AR il s
T UL LA SRR R RON A O HAR Y R AR A B TR X R T I P e L R 1
W LR B AL IR R MG T R G I RAMEBESE, WK 2,
SRS S AR R YE pHL A AR | 200

A B
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adenylate cyclase-modulating G protein-coupled receptor signaling pathway.
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Lgend® O VTCN1
NM_024626 .

RefSeq: NM_024626
Ensembl: ENST00000369458
CCDS: CCDS89%4

UniProt: VICN1_HUMAN

@ Missense
@ Inframe
@ sViFusion

o
© Splice

View 30 Structure

RIMS2

NM_001100117

RefSeq: NM_001100117
Ensembi: ENST00000406091
CCDS: CCDS55269

1 UniProt: RIMS2_HUMAN

@ Truncating

@ Missense
© splice

@ Inframe
@ sViFusion

IL[F] DEGs 38 #% 70 B & R b AL i 73 ]
A:GO M4k s B:KEGG /&R s C. RA A

Figure 2 Pathway analysis results of common DEGs and distribution of mutation sites
A: GO analysis result; B: KEGG analysis result; C: Mutation site distribution map.

23 EHRERRT SN

ST 52 1 1 20 i 356 PR 9 A8 004l o3 i B
Toe S BB A 38 S T 25 4, 5 Lo AR Y | 95 B
], HLL C>T i 5 A% 17 R 2 A4 (single nucleo-
tide polymorphisms, SNPs) &z A% UL, MU A
H AR SRR TP BN 49 Tt 2540 58, R & M it
22 5 4k KPR 245 40 1 A8 S B0 AL R ) R 41

72,

Riliing
1 1 1
gy I II
IN1 | 1 1
MAP3K1 I 1}
= Missense_Mutation
= Frame_Shift_Del

HURA ST 2540 2 0], 45 16 A3 K A 28 A 0
ERAG R, EE AR R o R
FRASTRT AEP I BRI Gy R R DL I 2 A
LR 7/ENUE

JRUk P 2 20 5 4k R P 25 4 2 18] A0 1 A4
LR RAZ R 22 A Gt 24 2 X, Hl ZSKCANT
LI 3, s i 7 A3 [R] DEGs H, 212 AR5 4L
FT S A FE N E] 2C B

Altered in 126 (94.03%) of 134 samples.

33
No. of samples

T {

In_Frame Del

= In_Frame_Ins



S 5 ,—. =S I LS Sy
RAESE 45 VTCNT 330 HR+ZLIVE IS A R S NG T T 2 49
B Varian Classification Variant Type SNV Class C Varian Classification Variant Type SNV Class
Missense_Mutation | NEG__ G |266 Missense_Mutation [ NEREREG_G_G_ TG |232
Nonsense Mutation [ SNP Nonsense_Mutation [ SNP
Frame_Shift_Ins || T>A |247 Frame_Shift_Ins || T>A I263
Frame_Shift_Del | T>C I795 Frame_Shift_Del | T>C I781
Splice_Site | INS Splice_Site | INS
In_Frame_Del CT -4 664 In_Frame_Del CT - 3651
In_Frame_Ins In_Frame_Ins
L= e c>G 1109 x > Ins | G
Translation_Start_Site DEL l Translation_Start_Site DEL l 02
Nonstop_Mutation C>A l797 Nonstop_Mutation C>A I 694
L s g R S h o0 o Soocoooos S S o o o S n o w2
s 3S 3 3 S S35 S S N v~ S lo=F=3=F=2=%=] S S S S N N~ S
S 3 3 3 SSS533 S o S = SRS AKh3Swn oooo S o S =
. — N o < — N 0 < N . —— NN o o0 <
Variants per sample Variant Classification Top 10 Variants per sample Vanant Classification Top 10
Mcdian: 49 ummary mutated genes Mcdian: 58 Summary mutated genes
2617;
99 TN I 19% 128 IGDCC4 N 1 37
PIKACA 150, PIK3CA N 35%
PTEN I 14% TP53 I 25%
174 66 1 - 5%, 85 CDH - 4%
IGDCC4 I 9%, LPINI . 11%
GATA3 I 4% . 16%
87 33 TP53 IEE13% 42 HMCN - 18%
HMCN] . 10% ZNF814 I 11%
RYR2 I 9"/3 ZNF208 I 13%
0 0 '$dede e ESR1EEEI0% 0 i o ZKSCANT E15%
S O 0 O [=R - S
—_ o —
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Figure 3 Somatic gene mutation maps
A; Waterfall plot; B: Mutation gene overview in the Sen group; C: Mutation gene overview in the Res group; D Forest
plot of the comparison between mutant genes in the Sen group and Res group; E: Forest plot of the comparison between

mutant genes in the pRes group and sRes group.
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Figure 4  Single-cell sequencing and analysis of the correlation between VTCNI1 and malignant tumor prognosis ( “P<0.05, ""P<

0.01, *""P<0.001)
A t-SNE plot of the Sen group; B:

t-SNE plot of the Res group; C: Box plot based on the TIMER2.0 database;

D: Box plot based on the GEPIA database; E: Kaplan-Meier survival curve considering VITCNI expression as a single
factor; F: Kaplan-Meier survival curve adjusted for the stratifying factor of age; G: Kaplan-Meier survival curve adjusted

for the stratifying factor of stage.

2.5 VTCNI1 Kz 547 5 Kaplan-Meier £ 77537

I F TIMER2.0 F1 GEPIA %{# FE, Xf It T
VTCNI1 7E 2l 20 40 S H G 1E & 24U iy 3%
K2 H . VICNI f mRNA ik 7K 7535 i P 3L
i B S5 B 20 R Rk 40 R

it s T bR 40 9 P MR L TR L IR R
TE VA7 5 P e 2 L T e e 2 s
B 375 B 20 Mg | LS R AN T A0 B B i 4
iR R TR, AN, TR R R R PR R
VTCNI1 ) mRNA FRikK AR Tz s s ik R ik



RMESE, 55 VICN 20 HR+ZLIRE TS A B 5 A 73 AR 7 TiE 24 o5l

KA 2 3, $E R VTCNT Y 32328 7] i 55 3 4 i HaCaT #iiifl fl MCF7 ZHi4EfL 4% T VTCNIL 1
AR B EAT NAFTE TR AE B 3l 2 ) Kaplan-  9GY @ 18 LU K V14 0F % FLIR 20 215 FL I s 41 41
Meier 2= 7712k, 741 VICN1 19335 5 HR+ BC 2 VTCNI BB A e 0, & £ B, VICN1 78 7L IR 9
HIEAAE I (overall survival, OS) fA7E W& A ALUhmaRak, U ER A 2 d 2 G2
X, WL 4, A, WES,

A B EH44 R4

HaCaT
MCF7

o o 1ofp =
—~ =
& o9f e
% ° e o b
& 08F N
@ ° o B
& 071 ) =2
~ o o ° |
406k ° ° < I
2 oosp T 8 : A
;‘% : T ' 'H%
o 04} . : I @
# o, # B E ol
o H : : 0 5 10 15 20 25

Gl S-tr S&G2 4R 1 /h

K5 VTCNI1 7EFUIm 45 40 3R 15
A FOLG O PR BB S (0, C. 40 A AN TR B BEFUIOEE 4 ML P A VTCNT SRR 1520
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A Fluorescent staining images; B . Pathological tissue staining; C: VICNI expression levels in BC cells at different sta-
ges of the cell cycle.
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Figure 6 Correlation analysis between VTCN1 and tumor immune infiltrating cells ( "P<0.05, “P<0.01, **"P<0.001)
A Role of VTCNI in the protein-protein interaction network; B Scatter plot depicting the correlation between tumor im-
mune infiltrating cells and VTCNI1 expression levels in Luminal A BC; C. Heatmap analyzing the correlation between
TIICs and VTCN1 expression levels across different BC subtypes; D. Radar chart representing the correlation between
tumor immune infiltrating cells and VTCN1 expression levels in Luminal A BC.
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Figure 7 VTCNI attenuates the pharmacological effects of tamoxifen on inhibiting proliferation and promoting early apoptosis( "P<
0.05, "'P<0.01, "*"P<0.001)

A: Box plot representing cell inhibition rates across various drug concentrations; B: Line graph illustrating cell inhibition
rates over time of drug exposure; C: Scatter plot depicting fluorescence intensity in apoptosis experiments; D Imaging of
colony formation assay results.
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Figure 8 VTCNI1 counteracts the inhibitory effects of tamoxifen on migration and invasion
A. Representative photographs of the same scratch area at 0, 24, 48, and 72 hours in wound healing assays; B: Box
plots representing the migration rate in wound healing experiments; C: Representative images of HR+ BC cells in Tran-
swell migration assays.
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RNA F3H7 & B, Tiif 245 41 -5 50k 4 A H g 2R 58 rh iy
o REZ T A A IS Ty /D % B ALK, ey 200 5 1 4
AR I N, 25 A LR IE 45 R, o 2 JL A
DEGs ') VTCN1 1E8 BAnE | i — i 50 HAE
PR 43 DA i 245 3 A T R ) B

i3 GEPIA F1 TIMER2.0 04 %07 , ASHF 5%
KB VTCNI 1EZ P EAE H ) mRNA RiE7K AL
TIEEHLAEG T E2 5, 1E K35 VICNIL 5 HR+
BC MTfa AN RAHSG, fEE A BYIRE EAEM %,
VTCN1 F 2R 35 i Sz 0 DR, 1 il 4= I
X G BEALFE I () S e A0 (1 B 40 M1 B W4
Jif Thi AUAEAE ) | A3 55 (95 1) e 4 (40 Tregs |
M2 EWEA ) ™ X — & BT REFR W], VTCNI
() 22 IA1E Luminal A BUFLARE 8 1 T — >k
ANFI TG DI e 4 A A A7 A% A I SO 5 T 3
S 5 RE R AL T I JE G, S BRIE VTCNT X i
R IVE T AR5 R — 2 3 MR T 25 0 A
BLH 5 A Luminal A AUFL MR8 40 it MCF7 | T47D i
TSN R R S5 40 i3 4 52 56 &8 s, VICN
RESE P B 25 3R] HR+ BC 20 Jif 384 il 1) 24 B4
FH T B — 2 S LN Bl A 24 v B i G T (4 ~
5 wmol/L) FIZ5 ¥ & @i R AL K (48 ~72 h) , 45
RIYESBEY K, T 52560 %8, VICNI
R XA B IS4 1 LA 4 M R S T VR A
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AN, 25 B3 3 P 4 I R B R A S5 AR VICNT &
FEYEFIAT e 5 PR A A K AT Z ik — L o5
RFEX — R, FIEE R RAHF T VICNI
FEREPU A 50 S5 90 461 B L A e A0 g AT o i 4
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VTCNI1 (#7553 35 RERH A fth 5 25F 1 il HR+ BC 4
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SSPUA BT IPIE S SN o 3 —HIL ] Bfth 5
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i FAT RAE 18 LA R A1 i 422 2 1 A% A5 245 B Eh A00uE L)
FEOTREBL, N AN 2 TS 20T N 53 WAIAR 7 T 245 14 1Y
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ABFFE IR & BLAE VICN 15 2 35 14 it 25 20 g
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LAG3 .PD-1 [ B3R /K- 2 2% T+, 1 ER (PR 119
PEACE A AR BE AR, VTCNI A% 2 8 21 40 it 00 75
FIAHSBYAER 1K R O Bk S e e e TR
i bR -Ia B A i B S 5 T, E TR Y
KA HRE NGRS ROV Th R AR SR

VTCNI WHFR BAHT 1R E 5 4 IR IL 52 1Y
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Je CSCs W%t , I AT B o b 8 R/ 35T 18 40 i 3%
IR Z IR 2235, 155 HR+ BC 4077 A % 43
WAIBYT SR G R gk & PRI 26, X 28 R BN TR A B
fift VICN1 7£ LRI P9 43 WA 36 7 Tif 25 WL v 4 1
PEAET B A R RSk T K B 245 1 1 VR T
RGP T VR

SE W

[1] Sung H, Ferlay J, Siegel RL, et al. Global cancer statis-
tics 2020 globocan estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[ J]. CA Cancer
J Clin, 2021, 71(3); 209-249.

[2] Giaquinto AN, Sung H, Miller KD, et al. Breast cancer
statistics, 2022[J]. CA Cancer J Clin, 2022, 72(6):
524-541.

[3] Tong CWS, Wu M, Cho WCS, et al. Recent advances in
the treatment of breast cancer[ J|. Front Oncol, 2018, 8.
227. doi: 10.3389/fonc.2018.00227. eCollection 2018.

[4] Raheem F, Karikalan SA, Batalini F, et al. Metastatic
ER+ breast cancer: mechanisms of resistance and future
therapeutic approaches[ J]. Int J Mol Sci, 2023, 24(22) .
16198. doi: 10.3390/ijms242216198.

[5] Boafo GF, Shi Y, Xiao Q, et al. Targeted co-delivery of
daunorubicin and cytarabine based on the hyaluronic acid
prodrug modified liposomes [ M]. Chinese Chemical Let-
ters, 2022, 33(10) ; 4600-4604.

[6] Hammond ME, Hayes DF, Dowsett M, et al. American
Society of Clinical Oncology/College of American Pathol-
ogists guideline recommendations for immunohistochemi-
cal testing of estrogen and progesterone receptors in breast
cancer[ J]. J Clin Oncol, 2010, 28(16) ; 2784-2795.

[7] Clusan L, Ferriere F, Flouriot G, et al. A basic review on
estrogen receptor signaling pathways in breast cancer[ J].
Int J Mol Sci, 2023, 24 (7). 6834. doi: 10.3390/
ijms24076834..

[ 8] Waks AG, Winer EP. Breast cancer treatment[J]. JAMA,
2019, 321(3) . 288-300.

[9] Pan H, Gray R, Braybrooke J, et al. 20-year risks of



3 o

[ ITI N N

W,
L

=

i

(B

FOR) 63 % 144

[10]

[11]

[12]

breast-cancer recurrence after stopping endocrine therapy

at 5 years[ J]. N Engl J Med, 2017, 377(19) ; 1836-1846.
Bhat R, Thangavel H, Abdulkareem NM, et al. NPY1R
exerts inhibitory action on estradiol-stimulated growth
and predicts endocrine sensitivity and better survival in
ER-positive breast cancer[J]. Sci Rep, 2022, 12(1):
1972. doi: 10.1038/s41598-022-05949-7.
National Health Commission of The People’s Republic of
China. National guidelines for diagnosis and treatment of
breast cancer 2022 in China ( English version)[J]. Chin
J Cancer Res, 2022, 34(3) . 151-175.
Rajendran S, Swaroop SS, Roy J, et al. p21 activated
kinase-1 and tamoxifen—a deadly nexus impacting breast
cancer outcomes [ J]. Biochim Biophys Acta BBA Rev
Cancer, 2022, 1877(1) : 188668. doi:10.1016/j.bbcan.
2021.188668.

[13] Turashvili G, Brogi E. Tumor heterogeneity in breast

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

cancer[ J]. Front Med, 2017, 4. 227. doi: 10.3389/
fmed.2017.00227.

Demicheli R, Ardoino I, Boracchi P, et al. Recurrence
and mortality according to estrogen receptor status for
breast cancer patients undergoing conservative surgery.
Ipsilateral breast tumour recurrence dynamics provides
clues for tumour biology within the residual breast[J].
BMC Cancer, 2010, 10; 656. doi; 10.1186/1471-2407-
10-656.

Clarke R, Tyson JJ, Michael Dixon J. Endocrine resist-
ance in breast cancer; an overview and update[ J]. Mol
Cell Endocrinol, 2015, 418(3) . 220-234.

Cardoso F, Costa A, Norton L, et al. ESO-ESMO 2nd
international consensus guidelines for advanced breast
cancer (ABC2)[J]. Ann Oncol, 2014, 25(10) . 1871-
1888.

Ojo D, Wei FX, Liu Y, et al. Factors promoting tamox-
ifen resistance in breast cancer via stimulating breast canc-
er stem cell expansion[J]. Curr Med Chem, 2015, 22
(19) : 2360-2374.

Li Z, Wei HR, Li SY, et al. The role of progesterone
receptors in breast cancer [ J|. Drug Des Devel Ther,
2022, 16 305-314. doi.10.2147/DDDT.S336643.
Turner NC, Ro J, André F, et al. Palbociclib in hormone-
receptor-positive advanced breast cancer [ J]. N Engl J
Med, 2015, 373(3) : 209-219.

de Bruijn I, Kundra R, Mastrogiacomo B, et al. Analy-
sis and visualization of longitudinal genomic and clinical
data from the AACR project GENIE biopharma collabo-
rative in cBioPortal [ J]. Cancer Res, 2023, 83(23):
3861-3867.

Hinohara K, Wu HJ, Vigneau S, et al. KDMS5 histone
demethylase activity links cellular transcriptomic hetero-
geneity to therapeutic resistance[ J]. Cancer Cell, 2018,
34(6) : 939-953.

[22]

[23]

[24]

[25]

Hu CX, Li TY, Xu YQ, et al. CellMarker 2.0: an up-
dated database of manually curated cell markers in hu-
man/mouse and web tools based on scRNA-seq data[ J].
Nucleic Acids Res, 2023, 51(D1) ;. D870-D876.

Uhlén M, Fagerberg L, Hallstr m BM, et al. Pro-
teomics. tissue-based map of the human proteome [ J].
Science, 2015, 347(6220) ; 1260419. doi: 10.1126/sci-
ence.1260419.

Li TW, Fu JX, Zeng ZX, et al. TIMER2.0 for analysis
of tumor-infiltrating immune cells [ J ]. Nucleic Acids
Res, 2020, 48(W1) . W509-W514.

Tang ZF, Li CW, Kang BX, et al. GEPIA a web server
for cancer and normal gene expression profiling and in-
teractive analyses [ J]. Nucleic Acids Res, 2017, 45
(WI1) . W98-W102.

[26 ] Szklarczyk D, Kirsch R, Koutrouli M, et al. The

[34]

STRING database in 2023; protein-protein association
networks and functional enrichment analyses for any
sequenced genome of interest [ J]. Nucleic Acids Res,
2023, 51(D1) ;. D638-D646.

Devulapally R, Sekar TV, Paulmurugan R. Formulation
of anti-miR-21 and 4-hydroxytamoxifen co-loaded biode-
gradable polymer nanoparticles and their antiproliferative
effect on breast cancer cells[ J]. Mol Pharm, 2015, 12
(6) : 2080-2092.

Tsang JYS, Tse GM. Molecular classification of breast
cancer[ J]. Adv Anat Pathol, 2020, 27(1) . 27-35.
Arimidex T, Forbes JF, Cuzick J, et al. Effect of anas-
trozole and tamoxifen as adjuvant treatment for early-
stage breast cancer: 100-month analysis of the ATAC
trial[ J]. Lancet Oncol, 2008, 9(1) ; 45-53.

Abdalla AN, Qattan A, Malki WH, et al. Significance
of targeting VEGFR-2 and cyclin D1 in luminal-A breast
cancer[ J]. Molecules, 2020, 25(20): 4606. doi: 10.
3390/molecules25204606.

Hwang KT, Kim EK, Jung SH, et al. Tamoxifen thera-
py improves overall survival in luminal A subtype of
ductal carcinoma in situ; a study based on nationwide
Korean Breast Cancer Registry database [ J]. Breast
Cancer Res Treat, 2018, 169(2) . 311-322.

Wang YY, Xu RJ, Zhang DY, et al. Circ-ZKSCANI
regulates FAMS3A expression and inactivates MAPK
signaling by targeting miR-330-5p to promote non-small
cell lung cancer progression [ J].
Res, 2019, 8(6) : 862-875.

Song RJ, Ma SQ, Xu JJ, et al. A novel polypeptide en-
coded by the circular RNA ZKSCANI suppresses HCC
via degradation of mTOR [ J]. Mol Cancer, 2023, 22
(1): 16. doi:10.1186/512943-023-01719-9.

Ding SN, Qiao N, Zhu QC, et al. Single-cell atlas re-

veals a distinct immune profile fostered by T cell-B cell

Transl Lung Cancer

crosstalk in triple negative breast cancer [ J |. Cancer



KHESE 55 VICNT 530 HR+FLUARE FUS A KL N4 iR 7 24 59

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Commun, 2023, 43(6) . 661-684.

Hiscox S, Jiang WG, Obermeier K, et al. Tamoxifen re-
sistance in MCF7 cells promotes EMT-like behaviour and
involves modulation of beta-catenin phosphorylation[ J].
Int J Cancer, 2006, 118(2) : 290-301.

Mallini P, Lennard T, Kirby J, et al. Epithelial-to-mes-
enchymal transition; what is the impact on breast cancer
stem cells and drug resistance [ J ]. Cancer Treat Rev,
2014, 40(3) ; 341-348.

YulJL, Yan YJ, Li SS, et al. Progestogen-driven B7-H4
contributes to onco-fetal immune tolerance [ J ]. Cell,
2024, 187(17) . 4713-4732.

Tsai SM, Wu SH, Hou MF, et al. The immune regula-
tor VICNI1 gene polymorphisms and its impact on sus-
ceptibility to breast cancer[ J]. J Clin Lab Anal, 2015,
29(5) . 412-418.

Li L, Huang GM, Banta AB, et al. Cloning, character-
ization, and the complete 56.8-kilobase DNA sequence
of the human NOTCH4 gene[ J]. Genomics, 1998, 51
(1), 45-58.

Callahan R, Raafat A. Notch signaling in mammary gland tu-
morigenesis[ J]. J Mammary Gland Biol Neoplasia, 2001, 6
(1): 23-36.

Gallahan D, Jhappan C, Robinson G, et al. Expression
of a truncated Int3 gene in developing secretory mammary
epithelium specifically retards lobular differentiation resul-
ting in tumorigenesis [ J]. Cancer Res, 1996, 56 (8):
1775-1785.

Lombardo Y, Faronato M, Filipovic A, et al. Nicastrin
and Notch4 drive endocrine therapy resistance and epithe-
lial to mesenchymal transition in MCF7 breast cancer
cells[ J]. Breast Cancer Res, 2014, 16(3): R62. doi:
10.1186/bcr3675.

Bui QT, Im JH, Jeong SB, et al. Essential role of
Notch4/STAT3 signaling in epithelial-mesenchymal tran-
sition of tamoxifen-resistant human breast cancer [ J ].
Cancer Lett, 2017, 390. 115-125. doi:10.1016/].canlet.
2017.01.014.

Micalizzi DS, Farabaugh SM, Ford HL. Epithelial-mes-
enchymal transition in cancer: parallels between normal
development and tumor progression [ J ]. J Mammary
Gland Biol Neoplasia, 2010, 15(2); 117-134.

Li YQ, Wu YY, Abbatiello TC, et al. Slug contributes
to cancer progression by direct regulation of ERa signa-
ling pathway[J]. Int J Oncol, 2015, 46(4) : 1461-1472.
Haslehurst AM, Koti M, Dharsee M, et al. EMT tran-
scription factors snail and slug directly contribute to cis-
platin resistance in ovarian cancer [ J ]. BMC Cancer,
2012, 12. 91. doi:10.1186/1471-2407-12-91.

[47]

[48]

[49]

[51]

[53]

[54]

[55]

[56]

[57]

[59]

Jin ML, Yang L, Jeong KW. SETD1A-SOX2 axis is in-
volved in tamoxifen resistance in estrogen receptor a-posi-
tive breast cancer cells[ J]. Theranostics, 2022, 12(13) .
5761-5775.

Gwak JM, Kim M, Kim HJ, et al. Expression of embry-
onal stem cell transcription factors in breast cancer: Oct4
as an indicator for poor clinical outcome and tamoxifen
resistance[ J]. Oncotarget, 2017, 8(22) : 36305-36318.
Zamzam Y, Abdelmonem Zamzam Y, Aboalsoud M, et al.
The utility of SOX2 and AGR2 biomarkers as early pre-
dictors of tamoxifen resistance in ER-positive breast
cancer patients [ J]. Int J Surg Oncol, 2021, 2021.
9947540. doi;10.1155/2021/9947540.

Mohd Idris RA, Mussa A, Ahmad S, et al. The effects
of tamoxifen on tolerogenic cells in cancer[ J]. Biology,
2022, 11(8): 1225. doi;10.3390/biology11081225.
Zhang RN, Yang YJ, Dong WJ, et al. D-mannose facil-
itates immunotherapy and radiotherapy of triple-negative
breast cancer via degradation of PD-L1[J]. Proc Natl
Acad Sci U S A, 2022, 119(8): e2114851119. doi: 10.
1073/pnas.2114851119.

Andrews LP, Somasundaram A, Moskovitz JM, et al.
Resistance to PD1 blockade in the absence of metallopro-
tease-mediated LAG3 shedding[ J]. Sci Immunol, 2020,
5(49) . eabc2728. doi:10.1126/sciimmunol.abc2728.
Oner G, Broeckx G, Van Berckelaer C, et al. The im-
mune microenvironment characterisation and dynamics in
hormone receptor-positive breast cancer before and after
neoadjuvant endocrine therapy [ J]. Cancer Med, 2023,
12(17) ; 17901-17913.

Arneth B. Tumor microenvironment [ J ]. Medicina ( Kau-
nas), 2019, 56(1): EI5. doi;10.3390/ medicina56010015.
Medema JP. Cancer stem cells; the challenges ahead[ J].
Nat Cell Biol, 2013, 15(4) . 338-344.

Shibue T, Weinberg RA. EMT, CSCs, and drug resist-
ance; the mechanistic link and clinical implications[J ].
Nat Rev Clin Oncol, 2017, 14(10) : 611-629.

Atashzar MR, Baharlou R, Karami J, et al. Cancer stem
cells: a review from origin to therapeutic implications
[J].J Cell Physiol, 2020, 235(2) : 790-803.

Méry B, Rancoule C, Guy JB, et al. Cancer stem cells:
radiotherapeutic features and therapeutic targets[ J]. Bull
Cancer, 2016, 103(1) ; 48-54.

Abrahamsson A, Rodriguez GV, Dabrosin C. Fulves-
trant-mediated attenuation of the innate immune response
decreases ER+ breast cancer growth in vivo more effec-
tively than tamoxifen[ J]. Cancer Res, 2020, 80(20) .
4487-4499.

(% %5 . AR )



