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Abstract

Background: E2F Transcription Factor 5 (E2F5) exhibits abnormally elevated expression in multiple
tumors and is closely associated with tumor progression. However, the changes in mRNA expression
in Esophageal Adenocarcinoma (EAC) and its effects on tumor cell proliferation and immune mi-
croenvironment have not been systematically studied. Objective: To investigate the mRNA level ex-
pression characteristics of E2ZF5 in EAC and the effect of knockdown of E2F5 on EAC cell prolifer-
ation. Methods: At the mRNA level, integrated microarray and RNA sequencing data from EAC and
non-EAC samples were obtained from public databases, including Gene Expression Omnibus (GEO)
and The Cancer Genome Atlas (TCGA). And the Standardized Mean Difference (SMD) was employed
for analysis. At the cellular level, the effect of E2F5 on the proliferation of EAC cells was assessed based
on CRISPR-Cas9 knockdown screening data from the Dependency Map (DEPMap) database. The cor-
relation between E2F5 expression and immune cell infiltration was assessed using Single Sample
Gene Set Enrichment Analysis (ssGSEA). KEGG and GO enrichment analyses were performed on co-
regulated genes by high and low E2F5 expression. Results: A total of 322 EAC samples and 551 non-
EAC control samples were included. E2F5 mRNA was significantly upregulated in EAC, with an SMD
of 1.02 (95% CI [0.24; 1.79]). Analysis of CRISPR knockout screening data confirmed that E2F5 is a
key regulator of EAC cell proliferation, with the SH10TC cell line showing strong dependency on E2F5
(SCORE < 0). Immune infiltration analysis revealed that Th2 cells and helper T cells showed a signifi-
cant positive correlation with E2F5 expression (R > 0.2, P < 0.05), whereas most other immune cell
infiltrations were negatively correlated with high E2F5 expression. Functional enrichment analysis
showed that E2F5 was primarily involved in cell cycle and protein processing in EAC, and was signifi-
cantly enriched in signaling pathways such as MAPK, Ras, Hippo, and mTOR, as well as functions like
axon guidance and epidermal development. Conclusion: This study reveals the value of E2F5 as a po-
tential biomarker and therapeutic target of EAC, providing an important theoretical basis for in-depth
research of the pathogenesis of EAC.

Keywords

Esophageal Adenocarcinoma, E2F5, CRISPR-Cas9, Immune Microenvironment, Axon Guidance

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

P SR EREAE h = 7E 2025 SR RAT IREIE S Bt , BB B I AEAY R BUR, HUR B BRI =
(1] HEBARAR 2022 FEESRES RN, BRRERONRE TGS, ERR LR S MEEL
TRRIAT AL 2] IS EAC BT EE M EE My —, FEREEE R EHDLEARE
WIS R ER, BRMA G S HEl, EAC KIAITTILATFRIIER . (2297l E, (ARG IFRAE

DOI: 10.12677/acm.2025.1582324 979 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2025.1582324
http://creativecommons.org/licenses/by/4.0/

Mo &%

M HIZET R, BT T BONE T m /e s B (3] B O 0 7o 3 il i 5 T BONTH R PLEOR
Inagxt B EAC WP AT, JF R T EAC 1 T H DAk S8 (g R, (EL UG 228 A7) THI I 35 S it b Bk
i%[4] [5].

E2F5 J& T E2F #7505k, e i 8 N BA TS N BRI 2 —[6]. 1F 4
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A0k HOCE T BEAC H E2FS MUAHICHT L. 1 Jailid B4 A 2R A JLH0HE e SR IUK & EAC FEA T
LRt 0BT E2FS KNG UL € E2FS 16 EAC Hri¥ 8 3% %1k . J5JE T DEPMap ¥4 2 CRISPR-Cas9 fifi
AR EAC Hlif &, VF{h E2FS mfixT EAC 40 RIGF MM . Ik, /% E2F5 5 EAC M.
RSB IR N TE R R, PAGERIE M AfiA E2F5 76 EAC SR b /e Fl,  JExh Sh 2655 H
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2. R 55*%
2.1. ST\ EAC & E2F5 BU%E RiE S MM TFRE

2.1.1. £BRAHLBIFEKIIEX EAC HHX E2F5 B9 mRNA ¥iE&E

N T fi# E2F5 /£ EAC 13k EAC F3RIE, 1E5: R RIA L% 5 Bl 7 (Gene Expression Omnibu, GEO).
R 51 2R IR $0 45 J2E (Array Express)~ i 2[5 4 ] 3% (The Cancer Genome Atlas, TGCA). A - R IA
#4% £ (Genotype-Tissue Expression, GTEx). /7411 U % i (Sequence Read Archive, SRA)GZ EAC #H
RFIEHIIEMN, PAFRHELTR: 1) FEARRRUNE N 2) KA A S EAC BEFEA, WRAQEIE
EAC BAEAMA; 3) HARZEDN=A . HRbsHEQT: 1) BIEAMIE: 2) HEAERZGT E2F5 1id
o GNTERAIRNE 7 ANEREERE . AR B RG REE BI BRE EAT AL R R
PR R RIBFE R FIREAAG B, K IRED ID Fe i NIRRT 5, IR AT log2(x + D LA #EfL, IF
BATIE L.
2.1.2. EAC ¥ E2F5 BRi& AR CRISPR-Cas9 RiF& E2F5 4B KRR

HT DEPMap #u#i[13], PFfli E2F5 fEA[A] EAC L& F0FRIA/KT LA CRISPR I 25 .
DEPMap 345 BSR4 7 & MR AR R I FRIA . S84 H0 CRISPR M %dE, BTN Ao Wik e
DRIE AN [R] 20 i 2R O D RE SR A1 1 el B i SRR o ikt CRISPR-Cas9 HAR R E2F5 ] EAC FiAHHK
MR, DUSREF R RS, RV B2F5 WA RAE KRR . AR < ek ER
TANF EAC 4l &t E2F5 H3RIA % 57

2.1.3. E2F5 f£ EAC fRER XS4

MR By e 55 PR 2 27 B 2 TGCA H3REL EAC FEA$HE, TCGA-ESAD & TCGA %4l & EAC
HIHE4E . RNA 7 (RNA Sequencing, RNAseq) & — i mid &=l 7 HAR, H 20 Hrai i sl 24 1) RNA
RIEWE, E5BhZ 25 3 R 2H B #5336 A L X6 4044 (Spliced Transcripts Alignment to a Reference, STAR) 74T
EAC FEAR M FRERI RIEZ R, B J5 8524 (Transcripts Per Million, TPM)bRvE {3 K 2345 B8 70 RNAsq
B v B AN k7K T B £ B S IR REARITG IR RS B RIREAS, log2 AL B )/ 3 73 AT 1
RHE, AR ER & IES M, @ TESENSR 5T
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ik, Bk ESTIMATE S0 5, PRl EAC FEA o 325 B 40 R Se e 4 MR IR FE B, 76 B2F5
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2.2. E2F5 £ EAC B EIER

KEGG =B EIEHA ., (M RF Y ReE BLEA EEIRE, 148501 H BAE M 2% B DL R Gt
R SR RNARThEE: GO A4 Yid #2(Biological Process, BP). 43T IfiE(Molecular Function, MF)F14H
Jf12H 73 (Cellular Component, CC)F# i & K M 25 1 53 D e FIARTEEAG 70 28, TR IR ER Ll I D Re. o T 7E
EAC FEARF Y E HE RIAFI MRIATER, WEFRHEW T 1) RGBSR D 3 UL 2)
95%CI Afet &% X5 B2F5 ILRIEMILR, R EIRSAKRIE ST, i T: 1) HRBHR
WAHEZR /D 10 TUFLh g2 3]s 2) Hi R SAHC R r > 0.30 NIEAHR(HAH R r < -0.3); 3) @
KF(p fH) < 0.05. Ffif5, X4 EAC i RIAFLH S E2F5 HLRIAMIEHN AL . R &S NMED
clusterProfiler fX1 3L RIAH HFAT KEGG 55 GO B4/, #R% EAC 1 E2F5 53 (RILRIA I
IR R AE BB, DAt — 2D AR Al B2F5 3RIAXT EAC BEFE K520 .

2.3. Gt

XFARSCRT FH 22 5000 e SR O F R 5 3R IA 1, f5Bh R 2 metafor 715 SMD, rma eREUH TG i 2 2%
REANBENLRONAGEARY, TR P A 2 DL EE S ) 5 Btk . 5o/ forest bR A &2 il AR bk I B B A4 5 40 A 46
B, JE7R E2F5 1£ EAC FHIRIEHER . 5ok, 4l LI B PRS0 A0 B U ] Begg's e, 20l BV, A
BT IR AR, US4 i) 07 ST AS B 1 R R e (p > 0.05 $/R& SRABA W 1 R R i) .

R # A pROC LR LA 23 TAEHFIE B2k (Receiver Operating Characteristic, ROC)fi, &
{6 FBURPERIRE 5% . mada B4 sROC, L AUC #E—H1Ffh, 7 AUC fATE 0.5~1 ZIf], FoRiERl
BAH R KEETT

3. 858
3.1. EAC ¥ E2F5 2 gFiE

3.1.1. E2F5 7£ EAC A EFRIA

Identification of EAC mRNA studies via public biomedical databases
Identification

GEO. ArrayExpress,
TCGA, GTEx, —{ Irrelevant records removed
SRA |

Identification

Records identified for
eligibility H Lacking E2F5 records removed (1 platforms) |
(n = 8 platforms)

Studies included in SMD
calculation ( 7 platforms)

E2F5 EAC mRNAZIA 2%

Figure 1. Flowchart for screening inclusion of relevant E2F5 mRNA data in the EAC
1. EAC #1#8% E2F5 mRNA $IBIHEMNRIZE
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Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl (common) (random)
GPL10558 57 7.44 03160 20 7.05 0.1905 1.32 [0.77;1.87] 9.0% 14.3%
GPL17692 52 492 0.5219 48 4.36 0.4292 15.1% 14.8%
GPL6244 12 7.04 06115 41 590 0.2499 3.5% 12.8%
GPL96 23 5.410.2794 104 5.50 0.2031 13.3% 14.7%
GSE13898 75 7.23 06586 28 7.05 0.1903 14.4% 14.8%
GSE28302 23 1.08 0.1970 9 097 0.1544 4.5% 13.4%
TCGA_GTEx 80 2.81 04728 301 2.24 0.4646 40.2% 15.2%
Fixed effects model 322 551 0.91 [0.75; 1.08] 100.0%

Random effects model 1.02 [0.24; 1.79] o 100.0'/.-

Heterogeneity: 1 = 91.7%, 12 = 1.0099, p < 0.0001
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Figure 2. Comprehensive analysis of E2F5 expression differences in EAC: (A) Summary and forest plot of E2F5 expression
SMD in EAC; (B) Funnel plot; (C) Regression plot Begg’s test for publication bias
2. ZA& P EAC w1 E2F5 RURIAZE R : (A) EAC F E2F5 Ri& SMD SCE R FFKE; (B) SmHE; (C) [EVIE Begg's
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Figure 3. Expression ability of E2F5 in EAC: (A) sROC curve assessment; (B) Total sensitivity (Summary) was 0.69; (C)

Total specificity (Summary) was 0.72
3.E2F5 7£ EAC HHI3RIAEE S : (A)sROC HEZITE; (B) SEURME(Summary)J 0.69; (C) 45514 (Summary)# 0.72
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EAC FH 2% mRNA £ Hs 4 0k 1 F2 1 R B an 18] 1 B o J8 e 0 146 ok B A 3L 4040 2 GEO L Array Express-
TGCA.GTEx.SRA ¥4, H &35 7 N £ (GPL10558.GPL17692 . GPL6244 . GPL96.GSE 13898
GSE28302. TGCA GTEx)H Ti#t—P &4 . VEUME BERBPEALE. WHE. EE. BE, JEPA
EAC FEAS 322 #i], 9F EAC XHHBALFEA 551 Bl(& n = 873), SARMEES ERW T, "W E2F5 7£ EAC
FHE EAC BEAHAIERU R E I ZFE, BRI E2FS 7 EAC FEAH & RIA, SMD 4 1.02, 95% CI[0.24; 1.79]
(FE 2(A)). BEAk, JeFERBEMERE 2(B)) X Begg’s BRI HT(E 2(C): p = 0.851)EK UL L EBEAEANFIEKR
Fmfr. K 3(A)ER sROC ] AUC = 0.85 [0.82~0.88], H&UHME 0.70 [0.56~0.81], 457 1£[0.73~0.94],
BB EFEA BUKTE 0.69 (95%CTHAEEFME 0.72 (95%CT) (4 3(B). & 3(C)).

3.1.2. CRISPR-Cas9 B{ E2F5 X} EAC B4 <50

3REL DEPMap H14: CRISPR-Cas9 3 ARl 1% E2F5 5231 6 N4 AL 52 (IS076 A\ MKN45 . SNU601 «
SHI0TC. SNU1. SNUS5), JABEIEIEAGH ARG EAC AR A KRS, FF KA E2F5 RKIA R L.
CRISPR-Cas9 A FE E2F5 S8 EAC 41l R 335 /K72 2% N, BRI 0 BU8 PR 65 A 78 4(A) ] 4(B)).
o SHI10TC 40/ R A SR I H, R A0 R 385 AR K 0) E2FS ARG IirE; R
AFAEARGT = (1) B2FS 3Rk, 41 & SNUS #4050 <-0.100 H&5 R 2%, XK E2FS /E8 EAC EK
TR M MA 2 —. RG22, Mi& E2F5 J5 EAC ARk WS TR, RIICN E2F5 &M

EAC 2 A= K ) B IR
A B
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Figure 4. Results of analyzing data related to E2F5 knockdown in EAC by CRISPR-Cas9 technology: (A) Results of inhibition
score assessment in EAC cell lines after CRISPR knockdown of E2F5; (B) E2F5 expression in EAC cell lines

4. 534t CRISPR-Cas9 i RRFR EAC o E2F5 18X BIELER : (A) CRISPR ffk E2F5 f& EAC 9 Z NI Bt b
Z5R; (B) EAC 48 &R " E2F5 RiX1ENR

3.1.3. B/FIL E2F5 5 EAC S MAnRiam xR

sSGSEA il AN Rl e A A AR AR, JF¥ BEAC 5 E2FS 18 e = AH 56 2 bt 45 B 1E A7 T AR
e, SRRIAE S Frm. AR IS R TR, EAC i sh & R 0 gl ki /5 E2FS
Fik B A LRI BE M B E (K] 5(A): R<0, P: 0.2~0.3), {EZEAR[FEI S 7Y G2 41 i b 5 25 1 A7 A8
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KM B2F5 HIk 04, DIAELR R BN T . EAC R385 rh K32 S i 5 451 /0 1E 0.2~0.6 2
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Figure 5. Results related to E2F5 immune infiltration in EAC: (A) Relationship between E2F5 and each immune cell in the
EAC immune milieu; (B) Correlation of E2F5 gene expression with different immune infiltration scores; (C) Box line plot
analysis of the distribution of E2F5 gene expression in different immune cell types; (D) Differences in the distribution of three
immune infiltration scores of E2F5 gene in high and low expression groups

Bl 5. EAC t E2F5 SciRIFANRE R (A) E2F5 5 EAC % b & e Ak ;. (B) E2F5 RHRIX 5 AR
GBIV BIAHICNE s (C) ML M AN A S e 4 i 2 Y v E2F5 3 (K] (K13R5A8 7041 s (D) E2F5 PRI iR aRik 4 o
=R IR VRS R 5 A 2
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3.2. E2F5 #£ EAC JFRUEBEBURLE)

FHRNARFC E2F5 7F EAC " HIEAEAE LS, AT SR BT T RA ¥ K EAC  E2F5

P FIB LR LK EAC HIRRIA IR 5 B2F5 SERIAFER 470 I7E R 18 5 M T T KEGG
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Figure 6. KEGG pathway enrichment of E2F5 overexpression-related genes in EAC: (A) (B) Pathway enrichment of positively related

genes co-expressed with E2F5 in EAC

6. EAC b E2F5 i3 RiAtHXEFE R KEGG B EE: (A) (B) EAC 5 E2F5 £ R[IAWERXEFEREE
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Figure 7. KEGG pathway enrichment of E2F5 overexpression-related genes in EAC: (A) (B) Pathway enrichment of negatively related

genes co-expressed with E2F5 in EAC
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Figure 8. GO enrichment analysis of positively related genes co-expressed with E2F5 in EAC
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WP R EESE: TR RN E A NIshE ARG 55 g MOS0 2 iR 3L S5 M A OC  ThiRe
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FAL[FEIFRI, E2F5 7RIS EAC 40365 . /L RN AR b T RE R 5 2 7 W S ZEH .

4. i1ig

AW IET 2 AEHIR R 873 MREA, #H7x E2F5 78 EAC 2% Fif. 48 DEPMap $3E E
CRISPR-Cas9 ik 4s R, KIHIH] E2F5 FRIA S EAHMIE G ENE B N . B4k, sk & £ s
E2F5 7€ EAC WIS E RG], 5 Bl e iz i oy Ak — L W] E2F5 X EAC MR IR BE M, iR
NFRf# B2F5 18 EAC K AR Je (1 o0 s A 4 Ak o AR 90

FATESL E2F5 £ EAC SRS LR, B HRTHEFEERW B2FS Rkl 5 2 iR a5
FA M o BT B AR B M 2H 2P oIS 2] E2FS (F1m0k 5855 Gleason V43 RIS iy 1 £ 38 A A0 2 R UK AH
5%, BV 5 H 2 s i Bk R AR SC[15] [16], . E2F5 ik Bk £ 30 ) = [ 1k 3L i 40 L S 5 [ 1710 S 4F,
FERE B T E2FS [id A 5 B B USRS B[ 18], H#E ] E2FS ik T Wl ] 1 fis e 4
FUER[19], A RIFHE4E/R B2FS5 RIA 50 v AR G . SR TE s o e e v, oo it
JE AR B E2F5 Rk B3 B, B E2FS V1 5 B R ZE B MG, XA e E2F KKK 7 AN [F
(D DA I S8 5 a5 AE 9 [20]

E2F5 £ E2F SR A 1 22 B BE I B 11, JURRIR A4 1 e ) 5 2 53 DR 7 — SR A P48 SRR 1l
e, TR AN Z A Y) DREAM FR 40 i J I 4E R GO ], [RIRf sem g 2 R AL 21] [22]. HEEY
fF S I B2FS W0E TR R 3 5%, EAEIG R 2 4T B4 AL AR T, HOOS AR5 K b Ok 38 5 200 i 42
HI[23] [24]. 1M EAC H b 40k &ML E/R S BE2F5 MFAHDCHE R OCE, FRATHEE T E2F Kk “
EARAL” F1 DREAM & & W7E 58 2 40 AR BUR 7K AR A FOSUE VR NI [6] [25], A Jyix Se B[R i) N i 7] B
s MRS, I I I b R A PR R B R B R A A, DTG A S s A L ) R

H AT EAC A% 2 IEAEHE S n HOUH R AETE ARG T E K b, 2T TGCA L1454 EAC
FER AT B R0 E ML 5 T AR LA EAC 897 FBL[26] [27] BLHT Pflug 25 A ¥ 7E0F 0 R R 1,
E2F5 %} NF-xB 75 T 1 7% 5 %5 (23 GBM A £E k228, HAZIBEKTE EAC HibgidkiE, B E2F5 78
T N ECH A P RIALEI[28] [29]. TAERAIMET 1 CCNL 76 EAC H 13RI S 8UM IR I A8 5Kk
TRAIL/DRS /13 A T-4HMIET:, [FIES A NF-xB 15 5 7% S5 mfiflgnfu A&, f@/n 5 EAC 1 E2F5
FH I FHZ5 5301 H1 PIBK/AKT/mTOR 253 % 2 7T i1 5] EAC BIRTIEE E A &4 31], P mTOR
G5B AE EAC 1 E2F5 A OCHE DA (R 0d i AR T B2 S o B4, J TR 1 R AE 2 A T I R SR A
HRUUHEERRFEFMEARSCE, HIEFE S SRy, RubaEm IL-17 54558
HHEAG, F &S AR DUER. REWTA R, MYC SEFRHI PS3 AHICHR W HI55[32]. 1
BATIE R R TR, EAC W E2F5 (RRIA DR 5 il 58 5 1) F0/ELHE I 8 B A S5 76 P PR A U i A O
LB B2F5 78 EAC W RIB 8 EVR R & B P~ X8, H &M AT RS 5 B2F5 fEH T EAC
B IR, B AT B2F SO B SRS IR T B2F 1 (i 0k 5 LR R B 85 MR geg 1 1 B ReE
RS TG B A OR[33], TR JCAH IR E2FS AL, thAMEEEE] E2FS 5 E2F1 MR IMER 455, BirTIA
N E2F5 RIS O TR E RN ES A RS, (A7 Zd— D50 E R 44 E2F5
(IE . ThRe AN F A i DR 2R ¢ &R LB A LA R

B BE R EEREEE . EAC MR EoR s g e b i RS OC &, RIRE & S i3k 21
EAC, A Dhae K AERAR, R B — A SCREMR 3 e i A 107 M EREE[34]. H AT CER, E2F5 1
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(LA AR R B IZ 0 7 M 6 W], EAC /G AFES Thi A1 Th2 4HH0AH G 6 40 i & A AE 26 . s PR e
JHOR G2 240 32 B R v, E2FS AR v RS B R 5 G [12]. 7541, BWFFIN, BT TReg 4HHXT
TR ) Thi7 AREANAREAMEIER, 75 BAC SIS ROAS b AT RIS AHIE[35]. 1M BAC HERIE
E2F5 932 i 45 R 7R, TReg 4. Th17 4 A8 2 6 R IAE /A Y R, — 7 T FE s Brd 5 o o,
— 7 TE W] E2F5 ()7 355 AT GERLIR TReg 4015 Th17 40 a2 8] () P11 845 EAC %4k, H T VIMP #{
W il B2F5 S TR ER AL CDA+ T 20 ™ A= 4 i DR -1 1) — P a1 AR g P DA A0 o8 7R A
BITHE R, DL G BRI v BE T B A EAC YR 97 R 71(36]

FEHTE ncRNA I FLHIE microRNA. KEEIEGmAYG RNA KIR RNA @it 75 Wnt/S-catenin 2556
S5 S EAC #HECHEE, ncRNA 7E AW AR (RE PR A VR 0 SR IR B EAC 1eE(R
NPEA AR WP F1[29] . 33 R IR 2 Fil miRNAs 38 8 6] E2FS5 Sk 5% 0e b 83 20 M (0 389 5 . I T3 3T %
1REMM 245, (HE A E2F5 5 EAC ' miRNAs [ 5C RIAF L [37]. Bb4h, EAC H BIGAE Y 1 B 2K 1
5 DNA HEEAIRESAH G B KN EH R K R 2] EAC B F2[38], i E2FS R £EEAHC miRNA 5
MAPK (#1358 % [39] MAPK [R5 EAC @2 ik 10 E2F5 fA7E 5, L T-0 1 - 10 - e mibifnil g, A
ARt — P12 4E EAC B IFERE I R R [40] [41].

5. &hig

AW 2 MR L WA ARG G T, ERVIPHE T EAC HimRik E2F5 5500 A0
SR AENLEI A0 ORER, VR BAC R JEIIRESEME 7M., R W] B2F5 f£ EAC HEAT R Z LR
B, itk — D iR A E E ARl ARG . ORI T AT RE— P HR T B2F5 £ R R A EAC 3EfE Y
HU 5 RS S Il AR B AR, 5635 EAC HEiaRik E2F5 /£ ncRNA JZIRIIE U RZR A oCEk, Bl
WIIT R FET neRNA B FHIGIAL I EAC B AR R APEAEDbR B
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