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Abstract

Objective: This paper aims to investigate the impact of intraoperative radiotherapy (IORT) on the im-
mune microenvironment of luminal-type breast cancer using bioinformatics analysis, identify key
genes, and explore their potential mechanisms. Methods: The GSE253650 dataset was downloaded
from the GEO database, containing gene expression profiles of luminal-type breast cancer tissues from
IORT and non-IORT groups. Differentially expressed genes (DEGs) were identified using GEO2R. GO,
KEGG, and GSEA enrichment analyses were performed on the DEGs. A protein-protein interaction net-
work was constructed using STRING, and hub genes were screened using Cytoscape. Hub gene expres-
sion and prognostic value were validated using GEPIA2 and UALCAN. SELL was selected for further
analysis, and its expression differences across breast cancer subtypes were examined. Mutation char-
acteristics and overall survival associated with SELL were analyzed using cBioPortal. SELL expression
in breast cancer and normal tissues was validated using the HPA database. The correlation between
SELL expression and immune cell infiltration was analyzed using TIMER. Potential drugs targeting
SELL were predicted using the DSigDB database. Results: A total of 729 DEGs were identified, including
443 upregulated and 286 downregulated genes. SELL (L-selectin) was upregulated in the IORT group.
GO analysis showed that DEGs were enriched in immune receptor activity, defense response to bacte-
rium, and external side of plasma membrane. KEGG enrichment revealed cytokine-cytokine receptor
interaction and the IL-17 signaling pathway. GSEA identified enrichment in MHC class II antigen
presentation and cytokine-JAK-STAT pathways. Ten hub genes were identified from the PPI network.
SELL was found to be a protective factor in luminal B subtype breast cancer (P < 0.05). SELL expression
was higher in luminal-type breast cancer than in normal tissues and HER2-positive subtype, and was
positively correlated with the infiltration of multiple immune cell types (P < 0.05). Ten potential tar-
geted drugs, including nabumetone and meloxicam, were identified. Conclusion: SELL may serve as a
key molecule through which IORT modulates the immune microenvironment of luminal-type breast
cancer, potentially participating in tumor immune remodeling by mediating immune cell recruitment.
SELL is highly expressed in luminal B subtype breast cancer and is associated with favorable progno-
sis, making it a promising molecular marker and therapeutic target.
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data analysis) & —MEDE R EOR, T2 H T 2 Fh)ioe 2 K B S R i[4], HEZH 2R
VB AE IR ST S S ) S B R K HL AR OG {5 5B B . TORT & 53 Luminal 7Y 7L A 45 3L TR ) 5 B 40 Bha T
FBL HAM PRSI = m  R SE RS kL, I8 T B8 L A 4% e A BT, S SR IR S N
HAT2%T IORT % Luminal ZY 7L M5 S5 35 IRy 22 LRI 72 B OGB4 2 F- M AR s A i B . BRIk, AR
FETADE BS54 TORT X} Luminal 8 LR 4 2386 e B4 I 2 20 br, Bk 6T GSE253650 $ids4e
o IORT A AIEE IORT 4H 11 25 R A W5 3047 LU T ([5], BRI T FEAS T TORT 205 4F TIORT ZH i) 2 [a] i) 5
RRIA 2 S, I & i, PR IX BB IR prish e i) A W R RS i@ %, i B TORT Y397 Luminal
LRI ML B A W . IR B IE H7E TORT JAY7 BEFE & 75 B B0E A ) SCRESE R, R ILTE 7E (1) 73l
JE AR EY), N TORT X Luminal LI HIVE 7 VIR ALHT 1 R IR .

2. AREFZE
2.1. SARKIR

NG5 N GSE253650 ML AR L R SRR B B S0 F, R H NCBI “F &1 GEO $# 2
(https://www.ncbi.nlm.nih.gov/geo/). GSE253650 H#nE(*F-5: GPL24676) %A IORT 41 14 f3, dF IORT
A 11

2.2. EREENTHE

N GEO2R 7E £k 5 M1 4K £F (https://www.ncbi.nlm.nih.gov/geo/geo2r/) 7 #1 IORT A A19E IORT 4H %57,
i e brifE /2 Padj < 0.05, [Log2FC|> 1, ffiikH 729 4~ DEGs, H:At 443 A~ FiFFEA, 286 4~ FifZEA .

2.3. 325 DEGs HIhEEEE 4T

MBS TR GO VERAM KEGG & S D fexf 548 DEGs #4740 GO iR
43F IhE(molecular function MF). 4l a2 /3 (cellular component CC). 4243 #(biological process, BP) 3
ANERGy o kG EtR PT BELE TORT AR 3E AT F I AR5 204K, K I3k [R £2 '& £E 7317 (gene set enrichment
analysis, GSEA)HEAT#E — 2 0¥, FrdEAl & S04 (normalized enrichment score, NES)JZEXH{E > 1 1 P <
0.05 A EAGIERE L.

2.4. PPI &3 & X B & F iFi%k

¥ DEGs ‘FAfEZ STRING Mufi(https:/cn.string-db.org/), #4745 H H.{E(protein-protein interaction,
PP %%, medium confidence (Interaction score) > 0.4 1E N JfiikbriE, ZIBRILTT S, ¥ STRING S H
1) PPI M 2% 315 N\ Cytoscape3.10.4 FATHEAT AT AL R 40550, {8 FH MCODE BEHUL FEXT PPT M
AT DT, TRIE SN degree cut-off =2, node score cut-off=0.2, Max depth =100, k score=2,
KA 1AM BRI = A BEHUEE | MCODE score = 10.800, 53 2 MCODE score = 7.923, 5t 3
MCODE score =5.778. 1t# MCODE P73 fix i AR ER 1 {E oSBT, ] Cytohubba fi -0} 5% B Ak ke
") DEGs #H79F %, BB H 5N Degree (FE1H). MCC (i KHEI RO )E L, HEA AT 10 FIFERN hub 3
DR, PR = R E tH 2 PRk b B S8 R R R D R B TR

2.5. GEPIA2 Hub EE#)

F|H GEPIA2 (http://gepia2.cancer-pku.cn/) g X 554 1) hub Z [RIE FL AR e 2 23RN IE 1 LR TR 1 22
IRHEATATIN o i L A 2R A AN IR 2 2R AR ik 2 TCGA F1 GTEx HEdE, fEE RN E
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N 0.4, PUlog2FC|> 1l P <0.01 VE N6 ERI1H -
2.6. Kaplan-Meier & 755 #&

B GEPIA2 734143 HiAH M ) Kaplan-Meier AEA7FHHZE,  43HT hub &R 55 FLARE TS R R o
2.7. TIMER3.0 SELL #EFREL RS F 54T

FF TIMER3.0 (https://compbio.cn/timer3/) 5 22, S g i 25 K 4H 3 (TCGA) A 1 AL R Jeg s i 474
YIS 200, 7081 SELL ZEARE AR 70 T3 B ) Z-score {8, Z-score <0 H. P <0.05 143 XU F#AIG,
Z-score >0 H P <0.05 LRGN, P>0.05 BARTLLGIHFE L.

2.8. SELL HHBRETENREIER

I UALCAN %04 % b %% SELL 78 1E % AR 2. Luminal %Y & oAt FL AR W AL (TNBC. HER2 BH
Y FIRIE K, I Gt A K (P < 0.05) A8 HRIAZE F RV, M 208t SELL 75/ [5) 410 i 37 #
I R IE AR AL
2.9. GEPIA2 SELL X 55.BR & S A< Bk

I3 HT GEPIA2 %48 2 (0 8ds , o SELL ik K& -1V X AR HE 4 1. 22 TPM AL 5 1og2(TPM+1)
¥4, #3H SELL fEFLME T & 1 IFRIA A AR AL

2.10. SELL ZEFLIREPRT 54T

FIH cBioPortal 4 X SELL & K 75 7L A 1 SR AR HFAE HEAT 734 - 4 Breast Cancer (METABRIC,
Nature 2012 & Nat Commun 2016) 5 #54( 5 1866 19 f1), 73#T SELL FIZRAMR . 5 U4 55 & mRNA
FIRoGAr . [FNF, @ iZEEE S Kaplan-Meier A7 128, P SELL 3K 22k o2 o 3L e f 3
AT AR 2 o
2.11. SELL By ERLR L 48

i FH HPA i 4] 1E 5 A\ KSR 4L ORI 20 SR AT S s L SR 2 et 28 AT 458 EL i i
TEZEE % e IRk 44 . @O JE[K: SELL; @ 28%Y: i EiE; © Mym: FLUEE. TIMER %
Y, 8 F TIMER %048 FE4R T T SELL 5 %y 40 M35 11 R FE 2 18] 7 96 2 AR a2 41 B3 3 5 7L e T 5
KRR
2.12. ZH(EEEYIR A

N T RBI AT AT A O R R R R ) 25 fide, BATTAIA T Enrichr /& 9T T &
(https://amp.pharm.mssm.edu/enrichr/) F F 24 ¥ 45 1iE F 38 22 (DSigDB),  SREUHE [a) /6 F FA4Z 0 36 R KT 7E 24
Y. @it Enrichr fEEW/Z59)Y16E H 5% T i 18] DSigDB.

3. &R
3.1. ERFEERAMTHE
1EFE NCBI-GEO 4 P2 H 1 5dE 2 GSE253650 fifiidk i £ 4E 1 (1) Padj < 0.05, |Log2FC|> 1 JE[H, i

e 729 /> DEGs, A 443 A~ LiEFERE, 286 NN AERE. BRESERFIEKLE, a6E/0F% LT
R, HEARETHEER. WA 1.
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Figure 1. Volcano plot
L KWE

3.2. GO IREEE AT KEGG BN KR GSEA EE DT

DEGs £ CC (40 i 2H 73)H 3= B4 P 75 5 5L 4 Ml 17 (external side of plasma membrane). & i Jif 25 [ 141
Jfa /M3 (collagen-containing extracellular matrix)55i& 4% b 78 BP (CEWIEFE)H, 22 555 4H 18 (1B 18
5 ¥ (defense response to bacterium). 1 PERL4H 44 A FH (neutrophil chemotaxis) 5% 4% . MF (431 D
Wy R R AR % 2 AR PE(immune receptor activity).  SZARECATE 1 (receptor ligand activity)ZFi& 4% b,
LK 2. KEGG i##% 73 #7 .7~ DEGs 3= 242 Hh7E DL 8 8 1 5 A N 5 J 52 A B9 A8 BLA H (Viral protein
interaction with cytokine and cytokine receptor) 2 il KI5~ - 4l Jfd [Kl - 52 4440 H./E H (Cytokine-cytokine recep-
tor interaction) IL-17 {5 518 #%(IL-17 signaling pathway)55 k4%, WI& 3(a). GSEA BIR%fE. RAERNAE
TORT X L M A e 52 i (1) R AR i R A R, B 46 MHC 1 229 74 T 199 N T4 523 38 P4 (AN-
TIGEN PROCESSING AND PRESENTATION BY MHC CLASS I MOLECULES). 4l [X 7--JAK-STAT i
#%(CYTOKINE JAK-STAT SIGNALING PATHWAY). HTLVI1-1 /S #5588 % HTLV-1 TAX TO
NFY MEDIATED RANSCRIPTION), WLFE 3(b)f1# 1, X=25iEHH EHE#E FiAE4, Ui IORT 1]
Re I O DLl gk AR
3.3. PPI MI4g#a3E

N T EEMM R IAZEE DEGs HI45 R, 58 STRING Muli, FE{EH Cytoscape #AF#EAT 1 Hik v #i
tho FEIZEAT 1 MCODE #Hub 53356 PP 48k 4T 38— 0 b, ik 2618 N degree cut-off = 2,
node score cut-off=0.2, Max depth=100, kscore=2, 15 11 ML, EoRHE A =it #i 1 MCODE
score = 10.800, it 2 MCODE score =7.923, #f&Ht 3 MCODE score =5.778. &M | /RN CEEMBEL, fif
H Cytohubba X} XA 1) DEGs AT VP43, B H1% N Degree. MCC 5323, iiZk H K #fs Degree-
MCC WA AR AT 10 Y hub FEPH, W] 4. FIHAEZ Venn EIEAEXS 2 MEETTETS 2 hub &K HL
AR, FERTHAL A B R, S 3EAR ) 10 AR hub 2665, 43709 CXCR2. CD38. SELL. FCGRI1A.
CD163. CTLA4. CXCL9. FCGR3B. GZMB. FCGR2A, H:H CXCR2. CD38. SELL. FCGRIA. CD163.
CTLA4. FCGR3B. GZMB. FCGR2A Ny LiFE[], CXCLY9 N THZEE, WK 5.
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GO Results of Three Ontologies
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Table 1. GSEA analysis

20000

%% 1. GESA 94
Fs i NES P value
ANTIGEN PROCESSING AND PRESENTATION BY MHC

1 CLASS I1 MOLECULES 1.955459596 0.000385352

2 CYTOKINE JAK-STAT SIGNALING PATHWAY 1.905506091 0.000420761

3 HTLV-1 TAX TO NFY MEDIATED RANSCRIPTION 1.942553955 0.00047498
Figure 4. PPI network of the intersection GEGs
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Figure 5. Hub gene screening
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3.4. KREEEIER TS 54T

&8 GEPIA2 ##5 2, P8 1085 /> BRCA FEACHT 291 M IEHEAEA, Wik i) 10 4> hub FEH]
HHATIRN T GERER, SIEWAMRASMEL, CXCL9. FCGRIA. SELL X%t hub F& K2 7F LI 4
2 B, HARFERTE AR AL R IE 22 F LG0T (P >0.05), LK 6. 15 AT GEO %4
WM ERAES, X—ZRAT 685 IORT X R A5 it S F AT C[6]. 2T GEPIA2 #diE ¢
MIEEAE AT 3, I SELL ek 5 L Mibes F0 3 S 1 AR A7 TR A8 K () I A= A7 301 238 AH 2% (P < 0.05),
FLR KB N (1) B 7K 5 AR A I T R L8 31 . 25 72 (P > 0.05), W18 7. EiR##3& 9], SELL &3
LA RETNE ALUETE L T IORT Jo5 S MOA B BB INGEER, JEA7E IORT M CHE(E 5@ B h 9 O M 6,
RIE, &R ERATYE Y Luminal Y50 £ 1 TS A W0hR £ B A TORT I PRI o IO A= 2 Fa bn EAT
YN IS

3.5. SELL 7EFL B T B B9 RIA K F LA K FL AR e B O T g 43 4

8T UALCAN %04, 4897 SELL fEA R LI WA A )Rk . R ER, 1IE%ARALH SELL
FRIAERAL, WE 8. EFAME VA E, Luminal B 7L SELL KA R M ALEUEE & T 1IEH FLIRA
R HER2 PHMETZY, HHEREKPEFm# R, $#&~ SELL A1EN Luminal B 7L 14 5 bR S0
1. B, @it TIMER3.0 34 it — 20 43 #r SELL 1EFALME AR 2 70 B T, w0 SELL 2
7f Luminal B | I8 Z-score fH = —2.569, I Z-score <0 H P < 0.05 {RFE )5 KK (4K, £ LuminalA
BRI P> 0.05, Lguit£ER, WE 9. 455K M, MR SELL £ Luminal B YL IR /2 3% fR 3
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Figure 8. Expression differences of SELL in different breast
cancer subtypes and normal breast tissues
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Figure 9. Prognosis of SELL in different breast cancer subtypes
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Figure 10. Expression of SELL in different pathological stages of breast cancer
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Figure 11. (a) SELL expression mutation; (b) The relationship between gene alterations and survival
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Figure 12. (a) The relationship between SELL expression and immune cells; (b) The relationship between immune cell infil-
tration and breast cancer
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Figure 13. Protein expression levels of SELL in breast cancer
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