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[(HE] E2E5HM: DNARFHEMALSMR M L E . BREVIME., AR EERERBEMRE (pancreatic
adenocarcinoma, PAAD ) H3AkIKzhHEA ( methylation-driven gene, MDG ) H[A]2Z ZJEINJLEE 1 (intermediate filament
family orphan 1, IFFO1 ) ffPAADH )ik . XTPAADANMIR R B, LARAE 2 MG br bW e T, i
% MIREFL N 4H B3 ( The Cancer Genome Atlas, TCGA ) /% . EFrmfE R HEE ¥ (International Cancer Genome
Consortium, ICGC) ¥t#fi/ZE . midm Ik Fi5 ( Gene Expression Omnibus, GEO ) #iZEFRHUPAAD M HI 5524 4 i mRNA
FIREHE ( TCGA-PAAD-mRNA ) . DNAF AL A 504 ( TCGA-PAAD-meth, GSES53051. PACA-AU ) DL R filt A L&
HIDNA R JEAb s (GSE69270) o it 22 F RN A 22 5 AL/ i BEPAADIIMDG . ZETCGAZHE &,
I i PearsonAH SEHEAS 46 S0 IEIFFO 13 2l - H AL K- 5 H R KK Z [ A ARSGHE . [, 58 i Kaplan-Meier 4 7753 BT PFAl
IFFO 1R 8 T H R4 K- . AR SPAADTR I FR . 27HIPAAD R ()98 21 4 K Xt I i 55 40 4R (R BT Aok B g
S KA PR 2EBE B A — N R EEBE . ABFIE W B TG REA 0 od 1 15030 K PR 22 B s 25— N R EEBE AR 2R b1 2%
BT AZALE (fBHRGS . BefewF [2017] 535 ) o FIAGRAEA LU (immunohistochemistry staining, THC ) #il]274i
PAAD #9428 Fe X R 52 4 4V P IFFO (193835 . ARYBIFFO1FEk B i, B TCGARICHR I (14 5 3545y 5 F k4 AN
RFIAH, I 2257001 . AR (gene ontology, GO ) &AM KIEHEEE ST (gene set enrichment analysis,
GSEA ) . ffiHHE A BENE ¥ ( Western blot ) ML 8 1 B A Ml 5 ( real-time fluorescence quantitative polymerase
chain reaction, RTFQ-PCR ) A&361E R34 F I 41 ZH6CT S5PAADAN L ZMIA PaCa2, BxPC-3. AsPC-1f{lCapan-2f
IFFO1AYFIAZE S o i1 41 KR S 56 1R 28 S50 AS I 1 2 SR IFFO 14 PAADAN IS AsPC- 1 Fll Capan-2 i IE RS FIR 72 RE J1 52
s Ead 73 TAERFE (receiver operating characteristic, ROC ) [fI£k fllKaplan-Meier4: 77 0 M1 P EAKIFFO 1 F 34k K SE-7E
TCGAZ I S W MBS TR (. Z55R: lad X S BRI 28 e, ik ii411PAADMIMDG., Hrh, IFFO15
PAADW TG 3 &8 34 [ B 11 (hazard ratio, HR) =0.28, P<<0.001 ] , IFFOI1{EPAADY & Pk mifi ik, HA
TP IEALKE 5FB AR B EAMELE (r=-0.55, P<0.001) . IHCZSH iR, IFFOI7EPAADA SRk 0%
ETFms5 8l (P<0.05) . TCGAAEAFAMIERFM, & F SRR IBIFFOLRY B A A 2 (P<<0.05) . GOAl
GSEA R M IR, TS Sh Y 1 0 P850 BRAEIFFO 1 B 325 R R B 45 . Western blotHIRTFQ-PCREE H: /R,
IFFO1{E IF % AR 4% | B 40 RH6CTH 361k B35 5 TPAADZH it RMIA PaCa2. BxPC-3. AsPC-1fllCapan-2. id3ik
IFFO 1] i I PAADAN AR AsPC-1 FlCapan-2(iF B FIR 55 . dF—2DiZ a2 SRA8/R . IFFO L /748 )i )= Mk
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[ Abstract | Background and purpose: Abnormal DNA methylation is closely associated with the onset and progression of
tumors. This study aimed to investigate the expression of intermediate filament family orphan 1 (/FFO1), a methylation-driven gene
(MDG) in pancreatic adenocarcinoma (PAAD), along with its effects on the invasion and metastasis of PAAD cells, as well as its
potential as a diagnostic and prognostic biomarker. Methods: mRNA expression data (TCGA-PAAD-mRNA), DNA methylation
data (TCGA-PAAD-meth, GSE53051, PACA-AU) of PAAD and adjacent normal tissues, as well as DNA methylation data of
healthy individuals’ blood (GSE69270), were obtained from the The Cancer Genome Atlas (TCGA), International Cancer Genome
Consortium (ICGC) and Gene Expression Omnibus (GEO) databases. By performing differential expression analysis combined
with differential methylation analysis, we screened for MDG in PAAD. In the TCGA database, Pearson correlation tests were
employed to verify the relationship between IFFO1 promoter methylation level and its expression level. Additionally, Kaplan-
Meier survival analysis was conducted to evaluate the relationship among IFFO1 promoter methylation level, expression level, and
the prognosis of PAAD. Pathological sections of cancer tissues and corresponding adjacent tissues from 27 PAAD patients were
obtained from Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine. All samples involved in this study
were approved by the human ethics committee of Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine
(ethics number: hospital ethics review [ 2017 ] No.53). Immunohistochemistry staining (IHC) was utilized to detect the expression
of IFFO1 in cancer tissues and corresponding adjacent tissues from 27 PAAD patients. Based on the median expression level of
IFFOL, patients in the TCGA database were classified into high-expression and low-expression groups. Subsequently, differential
analysis, gene ontology (GO) enrichment analysis and gene set enrichment analysis (GSEA) were performed. Western blot and
real-time fluorescence quantitative polymerase chain reaction (RTFQ-PCR) were employed to assess the expression variations of
IFFO1 between the normal pancreatic ductal epithelial cell line H6C7 and the PAAD cell lines MIA PaCa2, BxPC-3, AsPC-1 and
Capan-2. The impact of IFFO1 overexpression on the migration and invasion capacities of PAAD cell lines AsPC-1 and Capan-2 was
evaluated using scratch and invasion assays. Additionally, receiver operating characteristic (ROC) curves and Kaplan-Meier survival
analysis were utilized to assess the diagnostic and prognostic significance of IFFO1 methylation levels in the TCGA pan-cancer
cohort. Results: Through the cross-screening of five datasets, 41 MDG in PAAD were identified. Among these, /FFO1 was found
to be the gene most closely associated with the prognosis of PAAD [ hazard ratio (HR)=0.28, P<<0.001 ] . IFFO1 exhibited high
methylation and low expression levels in PAAD. Moreover, a significant negative correlation was observed between the methylation
level of its promoter and its expression level (¥=-0.55, P<<0.001). IHC results indicated that IFFO1 expression was significantly
lower in PAAD tissues than in adjacent non-tumor tissues (P<<0.05). TCGA survival analysis demonstrated that patients with high
methylation or low expression of IFFO1 had poorer overall survival (P<<0.05). Both GO and GSEA analyses indicated that the
pathway “Negative regulation of cell migration” was enriched in patients with high IFFO1 expression. Western blot and RTFQ-PCR
results demonstrated that IFFO1 expression in normal pancreatic ductal epithelial cells H6C7 was significantly higher compared
with PAAD cell lines MIA PaCa2, BxPC-3, AsPC-1, and Capan-2. Overexpression of IFFO1 significantly inhibited the migration
and invasion of the PAAD cell lines AsPC-1 and Capan-2. Additionally, pan-cancer analysis revealed that IFFO1 exhibited abnormal
promoter methylation and low expression across various cancer types, with its methylation levels demonstrating significant diagnostic
and prognostic prediction value among different tumors. Conclusion: Promoter hypermethylation results in decreased expression of
IFFO1 in PAAD. IFFO1 may suppress the invasion and migration abilities of PAAD cells. Furthermore, IFFO1 methylation holds
great promise as a novel biomarker for the diagnosis and prognosis of PAAD.

[ Key words ] Intermediate filament family orphan 1; Pancreatic adenocarcinoma; Invasion and migration; DNA methylation
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BRIEIEA DAL T i E AN 2 — . #agiit, 2023
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ERRIR, TETEXMELURI R B B I 50% 1 £ el
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FEARZE Gy AR BRI ORAE, DN A FH B AR Y 4
FEAFP N ISIRAE I R AT 7T o R B ) [ 4 iz
FHTTS . Ban, U3 AR e 20 2 i A Ui
ZDNA (cell-free DNA, cfDNA ) FEAYH 3L
B, T LAHE B BEAT AR A L T e
MDG 14 2% 18 7K - i FF LAk 7K 7 ) 4 10 J A7
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A AE P i ARSI ) )32 I FH RN 0 35 1% 25 1
S, CAIERE A2 W AR T R TR T B
Peo (HENHATMIE, fEPDACH MK BlfEE iz
FHFIGPRE H A A P hr B

22 K UL 1 (intermediate filament
family orphan 1, IFFO1 ) J&MH[H] 228 &%)
BB, TR K 22 0% 20 M 2 1Y A0 i SR A%
R R EE R . BEAERFSE L & B, TIFFOL
F A AR R R K 5% 4% (non-homologous end
joining, NHEJ) i&1245 4 FIWr 2 AU DNA K Ui,
NN R R N R VA I B R S -aa s 11 o N
IFFO 18 Ay J2 N B9 R 8 B 43, REREHD

] e 8 26 R N S X IR O SRR T L B4,
IFFO 1 H B4k 7K - 75 51 8988 £85I 7K 1 cf DN A
SR E TR, ATAE A I K R DN A B AR
gy L) BRI, ERTIFFO17EPAAD (i /E Fi
FERTERE . AT R PAADHS 41 B 5 1 3
o B Bl BB T e, 482 HIFFO 1R /E N
PAADR BT A AL bR . Bl 3 1 I R AR A
ARSI S8 7 HIIFFO1ZEPAADH Y R IA,, LUK
TEPAADAIMIT R . ZZEBTIEN. &5, @
o IE L4 % ( The Cancer Genome Atlas,
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W AT AR
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MTCGA%HEFE ( https://portal.gdc.cancer.
gov/ ) THEKI1 78 IPAADL L | 4459 55 4H 211
mRNAZFEBHHE, LR 18SHIPAADZLZL, 106
I 55 AL AU W R Ak o Bl . DN el d R R 3R
ik ( Gene Expression Omnibus, GEO ) %)%
( https://www.ncbi.nlm.nih.gov/geo/ ) " 3EH16
BIPAADALZL | 84513 55 A1 2L W FE Ak 0 A £k s
(GSES3051) , LA K 1835 f B A ifi 7% i) FH 3%
s Bl ( GSE69270 ) o DA [ s i i i PR 241
BB (International Cancer Genome Consortium,
ICGC ) %¥u¥8/% (https://dcc.icgc.org/ ) HFRHL178
51IPA ADZH 2 Je 2553 55 2L 2 i) W Akt v 5
(PACA-AU) ., MUCSC Xena%{#t % ( https:/
xena.ucsc.edu/ ) HARH18FITCGATZ a0 21 S
55 %] B A 21 mRIN A 2 38 508 S B 4k oes %k
P o
1.1.2 ABRARAZ I F KR

27BIPAAD H8 2 1198 L1 20 X 1 97 55 4 21
Pt S M R RS NS = U (I RN
FRBERE . AHIFFE WS ) BT A A Yoy ik b VA2
K22 R Bl 2 — N R BE AR ZR L2511
AL (¥4 Bife™ [2017] 53%) .
PAAD4 il ZMIA PaCa2. BxPC-3. AsPC-1.
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Hl, PV9000# 3 4 2k 7 iR & 1l [ b st
BamEWMEARAGRATE, 455, mIPURE
BEWHN A R RAEYEARARAH,
DMEME: 5736 . JG4 1L ( fetal bovine serum,
FBS) #JIl4 { E GibcoA ), RNAREEUATH &
W B TR MR 2E L A MR A R A W), RNA SRR
s & . C115-02[] 5 5 21 371 & S HiScript
Il RT SuperMix I ] Fa m it 425 A= k2 iy
AR E, SERPOEE B R A B RN (real-
time fluorescence quantitative polymerase chain
reaction, RTFQ-PCR) X7l &M A 28 X EWE
(Bl ) By ABRAF, Opti-MEMIH I E
KR . ¥R Lipofectamine 300011ty H
Z [E Thermo Fisher Scientific/Af], 4%% R H
VU . R A ) 24 4 A SR A R
A, transwell/NZE I H 22 [E CorningZy 7], pLenti-
CMV-EGFP-3FLAG-PGK-PuroF kil H F1oC L)
HoAR (Lifg) B A RRAF]
1.1.4 ERME

Ay A AN TE U B R AR I A 56
Thermo Fisher ScientificZy®], K88 H #k
ML RHE ( BifE) ARRA R, St BAEm A
HZANikon/A \), Kk % W4 B % & A
(BT ) ABRAFE, B0 H 75 E Eppendor 2y
], QuantStudio5 RTFQ-PCRAYIA [ 2 [E Applied
Biosystems/\ F) .
1.2 FHik
1.2.1 WAAIRZH AR (methylation—driven
gene, MDG ) ik

FLAR 0 e B 2R WL LA . 1 S84 Bl % 440
AL E i Biis 04T 25 5 TP AR 0 A A 31 22 5
HH AL LR ((differentially methylated genes,
DMGs ) , #ETCGA mRNAKHE H1 Xf 2 55 e ik 3
( differentially expressed genes, DEGs ) #17
P T RN o XTI AL SURE 55 41 2L 3
A BdiE ( TCGA-PAAD-meth, PACA-AU,

GSE53051) , RHREChAMPIEFT L 1Y 12
Ao RER ) 2 U8 R B0 A o AR R 3 AR 25
AT, FEE UE R UR B A T A 3 F X Cp G
WREr, 25 0 BIE I E M| A B-value|>0.2,
P.adj<<0.05. XfF{gtHE A MLk iy H 100 4k
P, el H 5 TCGABIEIFEPAAD B 11 54k
O BRI T AT, TR DR AR T 4K DMGs.
XTI AR 57 I mRN A, K R imRNA K 5
FEMEHE Tlog2 (FPKM+1) #RifEfbiabse, = J5%
MR limmaik 725 7041, 26550 Hr E I & Hh
llog, FC|>1, P.adj<0.05. FfiJ5, 4354 A
F AL SR S A S R S B, IR AP Sk 3 [H
HEmRkkE B E MR EIMDG, fefh, &
BB A=A P s A B 22 COX Ml H A A itk — 25
15 1 V8 AF 1Y TS AHEMDG

122 SiEasis

P BRI B T 65 CHEAR P4t 45 min,
T HIORBE . oM EKAE, HPURE
BWOKIBEE30 min, BHEZER., RHANK
P 2k 48k 4 i BEL Dy 551 BEL BT 5 i A —$t (IFFO1
Fofk, TVEMED : 100) 4 ClRF LK. M
A BN H 5 M. 3 R AR LA T B/ R R
JEERTE 1G (immunoglobulin G, I1gG) &
Y SR E 20 min, RH3,3"- & BRI K i
( 3,3'-diaminobenzidine, DAB) .4, PFfij5%
FHIRANEXT A AZ AT e 0, s CBEOK 5
T PR RE B . ARHEIFFO 1 (B W TR B2 )
TR S5 AT VP43, AnifEdn T . O &5
BEAROar (T4t ) | 14y (R ) | 24
(rPEEGu(a ) FI35y (5t ) 5 @ #HGmA
Fef 53 043 (0%~5%) | 14 (5%~25%) .
293 (25%~50%) . 3% (50%~75% ) F14%y
(75%~100% ) o fZ, —PHEARNYLETECN
Hufa AR YL o B 13
1.2.3 H@A T % ( Western blot )

IO & 25 FRE AR I A 10% 8+ e JE 5 iR
BRI Tk e BE S FL UK ((sodium dodecylsulphate
polyacrylamide gel electrophoresis, SDS-
PAGE) JMUKIEN, 1HHE80 VI THIK, &FF
400 mA/90 minf&fF N, RS5%BAE ¥
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Fig.1 Screening of MDG in PAAD

A: A flowchart illustrating the data included and the screening strategy employed in this study. B, C: Venn diagrams depicting hypermethylated-
downregulated genes (B) and hypomethylated-upregulated genes (C) identified within the gene expression and methylation datasets. D: A heatmap
displaying the normalized expression and methylation values of MDG within the TCGA-PAAD cohort. E: Volcano plots demonstrating the prognostic
value of MDG.

1.2.4 RTFQ-PCR B FFSRNA R 5L 55 cDNA, I AR R — 2 g
WA T R R 2N, R FHRN A7) & ( diethyl pyrocarbonate, DEPC ) 7KX$% /=¥ S
PEHUERNA, [ )58 FiHiScript I RT SuperMix o BHJE, TE96FLAR H L B RTFQ-PCRIK A :
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fL20 pL, fIE&SYBR Green Master Mix 10 pL,
RIS (10 umol/L ) 450.4 uL, #ifiicDNA
2 uL, DEPC7K7.2 pL. BJ57EQuantStudio5{¥
7% LU ATPCRECHI P 3 . SRAH2 2 S kA
(A X Rk . [FFO1WIE [ 5| W% 51 K
5'-TCCACCACCTATTCCTCGTCG-3', 5]
YIF %) k5 -CTCCGCTTGTACTCGTCCC-3";
GAPDHWIEH 51 ¥)F 5] 5 -GGAGCGAGA
TCCCTCCAAAAT-3', KI5 ¥F5 A5 -GGC
TGTTGTCATACTTCTCATGG-3',

125 s RE | HEkat A REME

IFFO1 IR IE 10 5191751 85 -TCGAGC
TCAAGCTTCGAATTCATGAATCCGTTATTCGG
CCC-3', mIn5|¥TF451~5 -GTCATCCTTGTAG
TCGGATCCCTATCTCATGGAGCTGTCAGATG
AG-3',

Foe R [R5 B 2R S e A E A T R A . R
FHPCRAERLRcDNA Y HIIFFO1 CDSJF41. *f
FR AR T4 CAQRBEYIZ0 min, BEYVIGLLCH
EcorlfIBamHI. Ff Frisy 3 7= 4 5 W U1 7= 9y it
rBUBpE Tk, 250480 V/60 min. X ML=
AT O Mk atifh . R alifh s 0 e R A S A
Jr B FE UL B 542 LA 7 2R B (] s i 4
N BU pLEE4H 774550 pL FastTUSZ S 40T
A E Tk E30 min, FE)542 C/KIB30 s, 5]
WA TLBYAR I B2 R PRBCE ek I, 45
1& 915 K F SnapGene R AFE4 7 41) L Xt o
1.2.6 #E§

PEATL dEAR, FRANMEALA B NT0%~90%
B, BHChTCIME S SR . i Opti-MEM 43l
Fi BEAH ¢ R DN A Fl Lipofectamine ™3000, 4 5
FIDNAJR E K 2 1% 7 A Lipofectamine 30003 &
Wb, HE 1S mine S FIARRIKIR A S A 6L
Merb, HIEREAEAR A5 Y6 ~8 hE
WHOHT R IRAL, I RIS ST BE L
1.2.7 a5

V5 gL J5 24 hiv 4 i B AL 3 518l T ofL
M A LG BE 5 42 2% BE 323 100%, fii 100 uL
FE YRR W W B Sl U B A, R B AR % v R 5 W

( phosphate-buffered saline, PBS) P15,

AT MIE KRk 2L 55724 h, SR TR
WG T TR, IR R RS R
1.2.8 LA £k

Frtranswell & T246LM, Krit 4524 h
14 40 B E R TE AL B0, R I DMEM H
IO X 104 TANEM LE, =
IIA500 nL5 4 10% FBSIIDMEME; #5234 1%
Fr48 hm, K 4% 2 5 T I I A = it [V 2 M
20 min, Z5AH5%(30 min, fHFHMEEL/NE
EMLIM, TR T BEVLE 4R, 0
I
1.3 ZritFAbE

HEAHRIET (4.3.18i4 ) K GraphPad Prism
9. 05X B s AT GE it o A ST Ak . Al E X
YR PR LU R FH I S AR A ek 0, TG X 20 i
PR B R B X R A ez 6, PR AL DA I He 4
K HKruskal-Walliskz 56 . % F X BORAG 56 1751 7
Kaplan Meier 4= 17743#T, K FHCOX L B XU 5114
AU T B R WS 40 B . Pearson A M 73 #r
R L N 28 5 W A ACE A DG . R
MR clusterProfier 41 [ P F AN ] & 52 70 #7771k
[ LT oA R 20 FFE R SR B AR 0T (gene
set enrichment analysis, GSEA ) 5.7% U] AT
WM. i HRAUPROCHATZIXH TAEKHE
( receiver operating characteristic, ROC ) Hii£k
M2 A2 1AL (area under curve, AUC)
BT . AUCHER T 115 BA T2 W s e i 4y .
P<0.05NZERA G X

2 4 R

2.1 PAADKIMDG %% 45 5

F T PAADIIMDG, MTCGABHRE |
ICGCHudi 5 X GEO ¥ 7 b 3 I PAAD 2 41
KA 55 2 I mRNA R A $E ( TCGA-PAAD-
mRNA ) . DNAHIEALE B ( TCGA-PAAD-
meth. GSE53051. PACA-AU ) DL K filt3E A Ik
FYDNA F B fbes 7 8dis ( GSE69270) . Rl ,
I3 IAE AR A T 25 5 H AL o S 2 R 3R
KA (A ) o st RS il =2 Xk,
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A MRS T AEPAAD Y i 38 E Sk . 7R IF
GONIIN TS E 2 ALl IR S A il i S v
M FE 144, DL R AEPAAD Y B Z R 34k . 18
NN R DT AL = AT [ v
B IEE 284, ZE XL R ILE1B, 1C,
TCGABUE E i 4 PAAD 598 5% 5 F £ 1 MDG
() Ak 5 KK UL IEN D itk — 25 By
EMDG5PAAD B H G &R, FAT#HAT T
Kaplan-Meier4: #7553 B K B R COX [l H 4347
TR ZE B XU e (hazard ratio, HR ) FIP{E
2T kDK, ZERILEIE, 280K R ki
W FEA M R 5 PAAD R 1N BTG A OG
fe F AL AR TR 1R B R S5 PAAD R 5 1Y KL 47 T
Jatie. Hob, IFFO1PIES: B3, HR{ER/N
(HR=0.28, P<<0.001) , FEitn] LLHEN H S
PAADE A TG X RN EY] . B TIFFOITE
PAADY W TG M (B B AR FH i A DL ARGE , PR AR
MR B IFFO R R e B2 R A JE A
2.2 IFFO15RELRRIESPAADEEARR
J=LEES

I [ B i 4 i PA A D 2H 2 R 9 55 2H 4L 1)
IFFO1 357K B i 8l 7 H ALK UL EI2A .
E— 2 IR IFFO1 3 R A 8 /K5 1 bk
SRR, MM T TCGAUE E H B IFFO1
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Fig.2 Hypermethylation and low IFFO1 expression correlate with poor prognosis in PAAD patients

A: Comparison of methylation levels and expression levels of IFFO1 in adjacent normal tissues versus tumor tissues from the TCGA database. B: The
correlation between IFFO!1 expression levels and IFFO1 promoter methylation. C: Immunohistochemical analysis of IFFO1 expression in adjacent
normal versus tumor biopsies of PAAD. D: Distribution of IFFO1 expression across different tumor grades (E) and stages (F) as reported in the TCGA
database. E: Kaplan-Meier survival analysis of IFFO1 expression from the TCGA database, illustrating differences in survival outcomes based on
varying IFFO1 expression or methylation levels. OS: Overall survival; NS: No significance. *: P<<0.05; **: P<<0.01; ***: P<<0.001.



1006

TIEE, F

BBEMN R R IFFOIERERE 2 UG PEMER R BAREN ST RN

(log, FPKM+1)
— 0 W kR G

IFFO1 expression

EVL
POUG6F1
CLIP3
‘WDRS1
P3H3
MAP3K12
FBXO10
ATP8B2
PLCG1
TNS2
GDF11
DCLK2
BEST1

—

o’

=
s

100
Patientid

150 Group

. Low

| High

B

GO analysis of IFFO1 positively co-expressed genes

Cytoskeleton in muscle cells
Extracellular matrix organization
Negative regulation of cell motility
ECM-receptor interaction

Negjative regulation of cell migration
Protein localization to extracellular region
Chemokine signaling pathway
Complement and coagulation cascades
collagen fibril organization

® Count

. * 10
. ®:15
*20
25

. -log,, P value
‘ 12
: 9
6
3

0.15 0.20

Gene ratio

0.10

=
e}
T

<
N~
=T

FYN
ZNF25
BLMH
NCKAP5L
CPTIC
VASHI
MEIS3
LADI1
ESRPI
TPRN

CHMPA4C |

AGR2
PLPP2

RAB25 | |

PPPIRIB Z-scored
MUCL

TST expression
KRTCAP3 4
KLK1
SPR 2
TMEMS52 0
EPN3
IMPA2 )
GPT2 4
TCEA3 -
PRSS3 ! 6
TMEM97

Enrichment score

S
~
T

P value
<0.001
<<0.001
<0.001
<0.001

<
=]

P.adj value
<<0.001
<0.001
<0.001
<0.001

Collagen fibril organization
Extracellular atrix organization
Negative regulation of cell migration

~ Negative regulation of cell motility

Ranked list
=

5000 10 000

Rank in ordered dataset

E3 TCGA##EEFIFFO11HXGSEATIGOE &£ L 1
Fig.3 GSEA and GO enrichment analysis of IFFO1 in the TCGA database

A: The top 20 upregulated and downregulated co-expressed genes associated with IFFO1 expression in PAAD. B: GO enrichment analysis
highlighting the biological processes significantly linked to IFFO1. C: GSEA illustrating the pathways associated with IFFO1 expression.

2.5 IFFO1RENFEA ST EMEEERE
N RIRE

Syt — 2L WIRRIFFO 1 H A0 Y2 R 5 2%
fig, FRATUCEE T ok A TCGAZ I BA S 1 8FlAS [ g
21 2R KR I A 55 A 2 TR A S ik B
454051 155 e IR % |- K98 (bladder urothelial
carcinoma, BLCA ) . 1 0720 FL 7% ( breast
invasive carcinoma, BRCA ) . 296/ 5 0 I
FIHRIE (cervical squamous cell carcinoma and
endocervical adenocarcinoma, CESC) . 36#fH
9 (cholangiocarcinoma, CHOL ) | 453f5i4}

i ( colon adenocarcinoma, COAD ) . 1524

B4 (esophageal carcinoma, ESCA ) | 1444
BIER TN ( glioblastoma multiforme, GBM )
49515113k SR A iEdE (head and neck squamous
cell carcinoma, HNSC) . 5265 75 BH 21 fifd J&%
( kidney renal clear cell carcinoma, KIRC) . 369
B4 i 9% (liver hepatocellular carcinoma,
LIHC) . 510fifi %% (lung adenocarcinoma,
LUAD ) . 496fifiii#%: ( lung squamous cell
carcinoma, LUSC) . 178f|PAAD . 481741
f&J ( prostate adenocarcinoma, PRAD) . 1634
E A9 (rectum adenocarcinoma, READ) .
37315 & 9% ( stomach adenocarcinoma, STAD) .



(P @&ZER L) 2024455345511 1007

A B sk
*
15 il
. o Cbﬁ’ <zg *ok
N ] g >
& & &S %
R R A Z 1or
o o
IFFO1 80x 10° E
; s 205t
GAPDH W S S s S 36 < 10’ -
. —___ &
0.0
A
& LS
¥ o‘t’@g%
AsPC-1
C D S|
NC IFFO1-OE 0 ok
. =]
<30t
L
g
\'OQ) — 8 20t
o . <
O K ®] £
TS z S w0}
- IFFO1 . 80 kDa
g ‘ ' 0
% | GAPDH | = wsm | 36 kDa NC IFFO1-OE
o IFFO1 ﬁ] 80 kDa Capan-2
g ‘ 400
S | GAPDH E%kDa 0h 1
p < 30
g e r
g S
© £ 20
24h 2
o
S 10t
NC IFFOI-OE
E
NC IFFO1-OE
o, ¥ AsPC-1 Capan-2
~ ETTS o
_ 2000 — swop
O .
-4 2 o}
“ 1500 2
< g £ 600 |
= 2
§ 1000 E 400
o =]
‘2 S
vl
P z soor g 200}
< = =
=
© 0
NC IFFO1-OE NC IFFOI1-OE

E4 ERIEIFFO1#I%IAsPC—1F1Capan— 2R T Fi2 &t h
Fig. 4 Overexpression of IFFO1 inhibits the migration and invasion ability of AsPC-1 and Capan-2 cells

A, B: Expression levels of IFFO1 in various PAAD cell lines were assessed using Western blot (A) and RTFQ-PCR (B). C: The IFFO1 expression
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Fig. 5 Diagnostic and prognostic prediction value of IFFO1 aberrant methylation in Pan-Cancer

A, B: Comparative analysis of IFFO1 methylation levels (A) and gene expression levels (B) in adjacent normal tissues versus tumor tissues across
various cancer types, as obtained from the TCGA database. C: A heatmap illustrating the correlation between IFFO1 gene expression and the
methylation status of promoter CpG sites. D: ROC curve analysis assessing the diagnostic potential of IFFO1 promoter methylation across different
tumor types. E: Kaplan-Meier plots demonstrating the prognostic significance of IFFO1 promoter methylation in various tumor types found in the
TCGA database. *: P<<0.05; **: P<<0.01; ***: P<<0.001.
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