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Supplementary Figure Legends
Supplementary Fig. 1 CircPIAS1 promotes melanoma cell proliferation. 
a Relative level of circPIAS1 in patients’ melanoma and adjacent tissues. b Three ASOs were designed based on the human and murine circPIAS1 junction sites for knocking down circPIAS1. c qRT-PCR assay to detect the efficiency of ASOs knocking down circPIAS1 and its impact on PIAS1. d CCK8 assay to detect changes in melanoma cell viability following knockdown of circPIAS1. e-f Colony formation and EdU assays to detect alterations in cancer cell proliferation after circPIAS1 knockdown. Scale bar for EdU: 100 μm. Data are representative of three experiments and presented as the mean ± SD. ns (not significant), *P < 0.05 and **P < 0.01 (significant).

Supplementary Fig. 2 CircPIAS1-108aa mitigates lipid peroxidation injury in melanoma cells by suppressing STAT1 phosphorylation. 
a-b Relative protein levels in the P-STAT1/SLC7A11/GPX4 signaling pathway before and after knockdown or overexpression of murine (a) and human (b) circPIAS1. c Impact of circPIAS1 knockdown or overexpression on lipid peroxidation damage on the membrane surface of melanoma cells. ns (not significant), *P < 0.05 and **P < 0.01 (significant).

[bookmark: _Hlk172710122]Supplementary Fig. 3 CircPIAS1-108aa can inhibit ferroptosis in cancer cells without affecting the cell cycle.
[bookmark: _Hlk172710148][bookmark: _Hlk172710135][bookmark: _Hlk172710465]a Changes in cell viability were assessed after ASO-circPIAS1 transfection, followed by the treatment with Erastin (10 μM) for varying durations. b Changes in cell viability were assessed after ASO-circPIAS1 transfection, followed by the treatment with Ferrostatin-1 (1 μM) for varying durations. c-d Changes in the tumor cell cycle were evaluated following the transfection of melanoma cells with ASO-circPIAS1. Data are representative of three experiments and presented as the mean ± SD. ns (not significant), *P < 0.05 and **P < 0.01 (significant).

Supplementary Fig. 4 CircPIAS1-108aa significantly limits the proliferation inhibitory effect of IFNγ on melanoma cells. 
a-b Impact of IFNγ alongside knockdown or overexpression of circPIAS1 on protein levels within the P-STAT1/SLC7A11/GPX4 pathway. c Impact of IFNγ alongside knockdown or overexpression of circPIAS1 on lipid peroxidation damage on the membrane surface of melanoma cells. d-e IFNγ was administrated in conjunction with knockdown or overexpression of circPIAS1, and the EdU and colony formation assay were used to assess the impact on cancer cell proliferation. Scale bar for EdU: 100 μm. Data are representative of three experiments and presented as the mean ± SD. ns (not significant), *P < 0.05 and **P < 0.01 (significant).

[bookmark: _Hlk166512984]Supplementary Fig. 5 CircPIAS1-108aa inhibits the STAT1 phosphorylation independent of PIAS1. 
a circPIAS1 is generated through back-splicing of exons 3 to 6 of PIAS1, and the peptides derived from exons 3 to 6 are part of the PINIT structural domain of PIAS1, which is crucial for the nuclear localization and function of PIAS1. b IF assay was conducted to observe the impact of circPIAS1 on the nuclear localization of PIAS1. Scale bar: 50 μm. c Knockdown efficiency of PIAS1 was assessed 48 h post transfection with siRNAs. d Western Blot experiments were performed to analyze the effect of PIAS1 on STAT1 phosphorylation. e Western Blot experiments were conducted to investigate the role of circPIAS1-108aa in inhibiting STAT1 phosphorylation, independent of PIAS1. Data are representative of three experiments and presented as the mean ± SD. ns (not significant), *P < 0.05 and **P < 0.01 (significant).

Supplementary Fig. 6 CircPIAS1-108aa inhibits the phosphorylation of STAT1 by enhancing its SUMOylation.
a Knockdown efficiency of Ranbp2 was evaluated after transfection with siRNAs. b Impact of circPIAS1 on STAT1 phosphorylation levels following Ranbp2 knockdown was investigated in B16-F10. c Impact of circPIAS1 on both STAT1 SUMOylation and phosphorylation levels was analyzed in B16-F10. d Regulation of SUMOylation and phosphorylation of STAT1 by circPIAS1 was reversed after mutation of the SUMOylation sites (Lys703/Glu705) of STAT1. Data are representative of three experiments and presented as the mean ± SD. ns (not significant), *P < 0.05 and **P < 0.01 (significant).

[bookmark: OLE_LINK1]Supplementary Fig. 7 The administration of ASO-circPIAS1 combined with PD-1 inhibitor does not cause the significant impairment in mice. 
[bookmark: _GoBack]a Design of ASOs targeting the junction site of circPIAS1 was used for in vivo knockdown. b Impact of different group treatments on various key markers in mouse melanoma tissues. c Effects of different treatment groups on the heart, liver, spleen, lung, and kidney of mice were analyzed. Scale bar: 100 μm. d Effect of various treatment groups on circPIAS1 levels in mice was evaluated. e Influence of IFNγ treatment on circPIAS1 levels at the cellular level after 24 hours was examined. f qRT-PCR was utilized to detect the relative levels of circPIAS1 in MCF-10A and BJ and various tumor cell types. Data are representative of three experiments and presented as the mean ± SD. ns (not significant), *P < 0.05 and **P < 0.01 (significant).
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Supplementary Figure 1
CircPIAS1 promotes melanoma cell proliferation. 
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Supplementary Figure 2
CircPIAS1-108aa mitigates lipid peroxidation injury in melanoma cells by suppressing STAT1 phosphorylation.
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Supplementary Fig. 3 
CircPIAS1-108aa can inhibit ferroptosis in cancer cells without affecting the cell cycle.
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Supplementary Fig. 4 
CircPIAS1-108aa significantly limits the proliferation inhibitory effect of IFNγ on melanoma cells.
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Supplementary Fig. 5 
CircPIAS1-108aa inhibits the STAT1 phosphorylation independent of PIAS1.
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Supplementary Fig. 6
CircPIAS1-108aa inhibits the phosphorylation of STAT1 by enhancing its SUMOylation.
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Supplementary Fig. 7
The administration of ASO-circPIAS1 combined with PD-1 inhibitor does not cause the significant impairment in mice. 
Supplementary Tables
Supplementary Table 1. The qRT-PCR primers sequences
	Genes
	Primers
	Sequences

	mmu_circ_0015773
(divergent primer)
	Forward
	CTTGTCCGATTGTCCACGAC

	
	Reverse
	CACCTGTTGTGGTGTCAAGG

	hsa_circ_0008378
(divergent primer)
	Forward
	CGACCCAGCCGACCAATTA

	
	Reverse
	GACTGTTGTCTGATGTCTTCCAA

	M-PIAS1
	Forward
	CGTCAGATGAAGAGGAGGAAGAACC

	
	Reverse
	CACAGGCGAGGCTTGATGAGG

	H-PIAS1
	Forward
	CAATGGAAGCAGTAGTGGCAGTAAC

	
	Reverse
	TTGTGACGGTGTGGCTATGGC

	M-Ranbp2
	Forward
	GTGGGAGTGTGCTGTTTGTTCTG

	
	Reverse
	TGAGGCTTATGAGTTGGCTTGGAG

	M-GAPDH
	Forward
	ACGCAGCTCAGTAACAGTCC

	
	Reverse
	AGGAGAGTGTTTCCTCGTCC

	H-GAPDH
	Forward
	GGTGAAGGTCGGAGTCAACGG

	
	Reverse
	GAGGTCAATGAAGGGGTCATTG





Supplementary Table 2. The antibody information
	Target protein
	Source
	Catalog Number
	Application

	PIAS1
	Abcam
	ab109388
	WB/IF

	Ranbp2
	Abcam
	ab315458
	WB/IF/IP

	SUMO1
	Abcam
	ab133352
	WB

	STAT1
	CST
	14994S
	WB/IP

	P-STAT1 (Tyr701)
	CST
	9167S
	WB

	Flag-Tag
	YEASEN
	30505ES
	IP

	SLC7A11
	HUABIO
	HA721868
	WB

	GPX4
	Proteintech
	67763-1-Ig
	WB/IF/IHC

	β-actin
	Proteintech
	66009-1-Ig
	WB

	4-HNE
	Bioss
	bs-6313R
	IHC

	CD8+ T
	Servicebio
	GB12068
	IHC

	IFNγ
	AiFang Biological
	AF02446
	IHC





Supplementary Table 3. The sequences of ASOs and siRNA
	Target genes
	Type
	Target sequence

	mmu_circ_0015773
	ASOs
	#1: 5’-GGAAGACTTCAGACAACAG-3’

	
	ASOs
	#2: 5’-GAAATTGGAAGACTTCAGA-3’

	
	ASOs
	#3: 5’-ATTGGAAGACTTCAGACAA-3’

	hsa_circ_0008378
	ASOs
	#1: 5’-GCAGAAATTGGAAGACATC-3’

	
	ASOs
	#2: 5’-ATTGGAAGACATCAGACAA-3’

	
	ASOs
	#3: 5’-GAAGACATCAGACAACAGT-3’

	M-PIAS1
	siRNA
	#1: 5’-CCAGTTGTCCACAAGAAGA-3’

	
	siRNA
	#2: 5’-TGCAGAAGCTACCATTCTA-3’

	
	siRNA
	#3: 5’-GGAGGTTCAAGAAGTCACT-3’

	H-PIAS1
	siRNA
	#1: 5’-GGATCATTCTAGAGCTTTA-3’

	
	siRNA
	#2: 5’-GCTCCACATTGGAGCATCA -3’

	
	siRNA
	#3: 5’-ACGCAACTCTTTACATTCA -3’

	M-Ranbp2
	siRNA
	#1: 5’- GATCGATTTGCAACAATGA-3’

	
	siRNA
	#2: 5’- TCATTGTTGCAAATCGATC-3’

	
	siRNA
	#3: 5’- GTTCGAGCACATAATGGTA-3’





Report on preparation of polyclonal antibodies
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2. Method

2.1 Antgen preparation

Colugate the antigen and carrie protin (K. BSA. OVAI createtheimmunogen.

A Maleimide Acttionof the Carer Protein
. Reconsitue one vl fcarie roten by adding 2mL o upure water to mske 3 10mg/ml.
soution.

Note: mekt forms  suspension hat yscally appears transhcent © WhHish blue. 00 not
vortex o hea hesuspension, which il cause the kU o preciiat

2.mmedistely before use prepare 3 10mM solution o Sl SMCC i ukrapure vter (/).
Add the sppropriae volume ofSulf-SMICC o the cate protin s olows: 2L for ek, It
for BSA; A for OVA.

3 ncubate fo 60 minues 3t room temperature or 30 minutes t 37°C with perodic gente
g

4. Exces crosshnbers wers romoved b iyt with Conjugation Buffer

5. Hapten Conjugtion
3 Dissohve up to 20m of the sulhyryconaiing hapten In S of imject Maleimide
Conjugation Buffer.Forhaptens with v slubity, MSO ay b used fo solbiiaton Use
< 30K DMSO n the fnlcongaton sltion o the carerprtei my reversibly denaure.
2 Immedately mix the peptide snd actatad carie protein and reac fo 2 hours 3t oom
temperaure.

5. Purky conjugate by dialss o remove excess peptide.

22 Immunize Rabbits

221 animat slectin: the rab s 3 New Zealand white rabit with 3 weight of about 2.5

&
~




image12.png
[ ——

eebiocom 44HUABIO

Animals choose heslthy animals wih 2 glosy color and free movement. Afer he rabb &
seected, precondiioning fo about 2 weeks. The purpas i to eminate some unqualied
animls and ensarethe smooth development of te experiments,

222 Rabbisare tage,

223 Anigen emlsieaion
223.1 Remove antgen from 20 dgree refgerator nd disoe st room tempereture avoid
epeted reeze-thaw. Mark thesyringe andwrite th it number nd aal number.

2232 Antigen snd adjvant wereextracted,and the sdjovant and atigen were esracted by
volume ratl of 11, Freund's complete djuvant was used fo thefrstimmarizatin olowed by
reund's incomplete adjant.

NOTEThe adjuvant shoukd be throughy mied before drawing nta the sytnge. The two
Syinges were fully emusifed st docking with he syrings connection tube. The emusicaton
Standard s emusfied immunogen ips nt 37 °C water does not deparse.

224 immuniy: rabbits wer feced subcutaneously st multpe poits,esch point being 0.2l
2241 rocedures oraking 3 seum samples

Kesp the rabbi i thefoator and gl at the e o dilato the onta ar atry Diifec whth
755 acohol, s the rabbi's aar with thelf hand, holdthe syrnge i the rght hand,insert the
needlantoth middiecar artery 1/ rom the end ofth e paralll o the artey, and tab it
the atery I the dirction of the heat & o blood was taken at 3 time. Afe th Bood was
taken, cotton ballwas applied st the bleing.

2242 Serum tetment

Aftr taingthe bloo, ut the centrfge e conaiing th blod nto 3 37°C waterbathpot
for 15:30 minutes and thentak t ou,con  and place 1  refgertor of 4'C.at or the

blood t layer utamatclythentake out the supernatan o cesn S0ml cenlvge ube The

estwere centefuged a 12000 R for Zmin. Supernatantwas ransferted 10 lean cetrfge
tube. 100u! 10% s thiomerss soution (sl concentraton 002K) was added to 30m

supernatat.

2.3 Ther detection: Indirect ELISA

231 Conting: the sntigen v dlued 1 1 g/l it the b solion and 50l was sdded
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10 the reaction wel of 96-well ltes, which wes then placed ot 4°C overnight.The et e,

scar the scuton i the welland s vith washing buffer(LTESTIo 180l por wl,
232 Blocking 344 60 i 1% BSA perwlland incubte 3t 37'C for 1 hour. Then disard the
solton n the wel.

233 Add sample: 304 50 i of ited sampe o the el At th same time, postie control
Well posive serum) and negtivecontrl Wes (858 were se. At incubation at37°C for 1
Nour, the escio soluion we discarded and wahed twice with ATBST at 150 pr el

2338 Add secondary andbody: th newyprepared seconday anibody-HRP (dkted with 1XBSA)
was added 10 the, plate with 50 i / wel and Incubsted at 3T for 45min. Ater that, the
rescion solaton was dcarded snd washed 3t with TEST st 250 4/ e,

235 Detection: TMBsubstrat soion (50 ) wasadded t eac reaction wellan sat 337 T
or 10 min The reacion ws terminate by ading sufurc 50 1)t e of theresction
Wells The enzyme labl plte was placed i the prehesed encyme sbel dtectr 450nm) for

reading datapreseration and analss.
24 Purification

201 Centluge antsera st 4°,14,0008, 10minThi stp i 10 remave paricuates i the serum.
242 Apay protein A or protin G beads (o the ffity hvomatography column of immune
antigen wes coupled)genty o emptygravity column.

2.4 Equibrate column with 10 vokumes ofce <ol inding Bufr 14985 10, pH2.4)

244 Diute anhsera with 2 voumes of Binding Buffer, Let dikted antser go though the
Cournn by gravey. Colec flow through an repeat step 4. once.

2,05 Wash columnwith 10 bed vlomesof e <ol Binding Buffer

246 conncting the colunn o Protein nudec scd specrophotometer ke antbody wih
Eluton Bffr (100mM clrc i PH3.0 o 100mM Ghyene HCLpH2.7)

2,47 Tk the PH of antibody o reund Tuith 1M TrsHe pHB 0

248 Reequifbrate colur wih 20 bed volumes of Binding Bufe. Store Column wih 20%

ethano at efgerato oraterus.
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3.4 The concentration and volume of purifed antibody.

AsimalNo Concentration (mg/mb)

RBSSIS 9
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