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Supplementary Fig. 1 Hypoxic model construction
A. Hypoxic microenvironment model creation.  B. CCK8 experiments at different concentrations and times of CoCl2. C. QRT-PCR to determine the relative expression levels of circPTP4A2 at different concentrations of CoCl2. D. The relative production of exosomes at different concentrations of CoCl2. E. Confocal microscopy showing uptake of N-Exs and H-Exs by KGNs (scale bar = 100 um). F. Schematic representation of the co-culture of N-Exs and H-Exs with KGNs. G. QRT-PCR to determine the relative expression levels of circPTP4A2 in normoxic and hypoxic MSCs (N-MSCs, H-MSCs). H. QRT-PCR to determine the relative expression levels of circPTP4A2 in exosomes from normoxic and hypoxic MSCs (N-Exs, H-Exs). I.QRT-PCR to determine the relative expression levels of circPTP4A2. 
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Supplementary Fig. 2 CTX leads to decreased mitochondrial function
A. The ROS level of co-cultured cells was detected by DCFH-DA staining; green for DCFH-DA and blue for nucleus (DAPI) (scale bar = 75 um). (scale bar = 75 um). B. SA-β-gal staining showing senescence in co-cultured cells. Senescent cells were stained blue (scale = 200 micrometers) (scale bar = 200 um). C. The changes of MMP in co-cultured cells were detected by JC-1 staining (scale bar = 75 um). D. Observation of mitochondrial morphology of co-cultured cells by transmission electron microscopy. (scale bar = 500 nm). E-G. Measurement of Measurement of SOD(E), GPX(F) and MDA (G) activity in co-cultured cells. H. Measurement of mtDNA expression levels. I. ATP production capacity assessment in co-cultured cells. J. OCR determined in co-cultured cells. K. Relative ROS fluorescence intensity. L. SA-β-Gal positive cells rate. M. The ratio of JC-1 monomers/JC-1 aggregates.
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Supplementary Fig. 3  Data statistics
A.D.G. SA-β-Gal positive cells rate. B.E.H. Relative ROS fluorescence intensity. C.F.I. The ratio of JC-1 monomers/JC-1 aggregates.
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Supplementary Fig. 4 H-Exs-circPTP4A2 improved estrous cycle, hormone levels in POI rats
A-E. Estrus cycle of each group. F. Schematic diagram of vaginal smear. G-J. Serum levels of E 2, AMH, LH, and FSH of rats in each group. 
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Supplementary Fig. 5 Effect of H-Exs-circPTP4A2 on ovary in POI rats
A- B. Changes in body weight of rats in each group. C. Follicular statistics in each group. D. Pregnancy rates measured after 4 and 8 weeks of treatment in each group. E. Number of offspring produced after 4 and 8 weeks of treatment in each group. F. Relative ROS fluorescence intensity in each group. G. Immunohistochemistry of YBX1 in the ovarian tissue of model rat in each group (scale bar = 100 um).
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Supplementary Fig. 6 The expression of circPTP4A2 was correlated with the hormone levels
A-D. Pearson correlation analysis to analyze the correlation between serum circPTP4A2 and serum AMH, E2, LH, and FSH concentrations in POI patients (n=30). E-H. Pearson correlation analysis to analyze the correlation between serum circPTP4A2 and serum AMH, E2, LH, and FSH concentrations in all subjects (n=60). I. Pearson correlation analysis to analyze the correlation between serum circPTP4A2 and AFC concentrations in all subjects (n=60).






Tab. 1 Primers names and sequences
	Gene
	Forward
	Reverse

	CircPTP4A2
	5’-TGGTTCGAGTTTGTGATGCT-3’
	5’-TCACTTGTCAGCGAAAATGC-3’

	Divergent primers
	5’-CACACGCACGCTCACACTTT-3’
	5’-GCTGAGCCTGGCAGAAGTCT-3’

	Convergent primers
	5’-CCATCTGCAGAAATTGAGGCCC-3’
	5’-AAAGTGTGAGCGTGCGTGTG-3’

	PTP4A2
	5’-ATTTATGGCGATTCTGAGTGTGAGG-3’
	5’-GTCCAGGAGTCTTCAAGGCAATG-3’

	β-actin
	5’-TGACGTGGACATCCGCAAAG-3’
	5’-CTGGAAGGTGGACAGCGAGG-3’

	GAPDH
	5’-CAGGAGGCATTGCTGATGAT-3’
	5’-GAAGGCIGGGGCICATTT-3’

	U6
	5’-AACGCTTCACGAATTTGCGT-3’
	5’-CTCGCTTCGGCAGCACA-3’

	HRE1
	5’ACGAAGATGCACACGCCATTC-3’
	5’-TGCAAGGTCGAAGGGTTCTTTC-3’

	HRE2
	5’AACTCCTGACCTTGTGATCTGC-3’
	5’-AGGATCTTGGGCAAGTGATTCC-3’



Tab. 2 siRNA sequences used in this study
	
	Sense
	Antisense

	si-circPTP4A2
	5’-GGAAUCCACGUUCUAGUUUTT-3’
	5’-AAACUAGAACGUGGAUUCCTT-3’

	si-HIF-1α
	5’-GAUUAACUCAGUUUGAACUTT -3’
	5’-AGUUCAAACUGAGUUAAUCCC-3’

	siRNA-NC
	5’-UUCUCCGAACGUGUCACGUTT -3’
	5’-ACGUGACACGUUCGGAGAATT -3’



Tab. 3  CircPTP4A2 sequences used in this study
	CircPTP4A2 sequences

	GTTTTTCGTTGGAATATACGTTGCACATTTATGGCGATTCTGAGTGTGAGGGCAGACTTCTGCCAGGCTCAGCACAGCATTTTCGCTGACAAGTGAGCTTGGAGGTTCTATGTGCCATAATTAACATTGCCTTGAAGACTCCTGGACACCGAGACTGGCCTCAGAAATAGTTGGCTTTTTTTTTTTTTAATTGCAAGCATATTTCTTTTAATGACTCCAGTAAAATTAAGCATCAAGTAAACAAGTGGAAAGTGACCTACACTTTTAACTTGTCTCACTAGTGCCTAAATGTAGTAAAGGCTGCTTAAGTTTTGTATGTAGTTGGATTTTTTGGAGTCCGAAGGTATCCATCTGCAGAAATTGAGGCCCAAATTGAATTTGGATTCAAGTGGATTCTAAATACTTTGCTTATCTTGAAGAGAGAAGCTTCATAAGGAATAAACAAGTTGAATAGAGAAAACACTGATTGATAATAGGCATTTTAGTGGTCTTTTTAATGTTTTCTGCTGTGAAACATTTCAAGATTTATTGATTTTTTTTTTTCACTTTCCCCATCACACTCACACGCACGCTCACACTTTTTATTTGCCATAATGAACCGTCCAGCCCCTGTGGAGATCTCCTATGAGAACATGCGTTTTCTGATAACTCACAACCCTACCAATGCTACTCTCAACAAGTTCACAGAGGAACTTAAGAAGTATGGAGTGACGACTTTGGTTCGAGTTTGTGATGCTACATATGATAAAGCTCCAGTTGAAAAAGAAGGAATCCACGTTCTA




Tab. 4  The binding energy by MMGBSA (kcal/mol)
	Type
	PRO-RNA

	EVDW 
	-99.45±9.98

	EELE
	-621.61±1.48

	EGB
	618.17±2.32

	ESA
	-12.24±-0.4

	Gbinding energy
	-115.13±10.36


EVDW: van der Waals energy
EELE: eletrostatic energy
EGB: polar contribution to solvation
ESA: non-polar contribution to solvation
Tab.5 Patients information for this study
	Parameters
	NC (n=30)
	POI (n=30)
	P value

	Age (years)
	31.00±5.00
	32.50±5.50
	P=0.2062

	BMI (kg/m2)
	21.23±2.89
	21.52±3.02
	P=0.5931
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