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Supplemental materials and methods
Clinical sample collection
   Clinical cornea samples were collected between 2022 and 2024 at the Affiliated Eye Hospital of Nanjing Medical University. This study adhered to the Declaration of Helsinki, with approval from the hospital's Ethical Committee. All patients provided informed consent. The samples were obtained from keratitis patients undergoing corneal transplantation and their corresponding donors.
Immunofluorescence staining
Corneas were fixed in 4% paraformaldehyde (Sbjbio, China, BL-G002) for 40 min at room temperature, followed by permeabilization with 1% Triton X-100 (Xilong Scientific, China) for 30 min at 37°C. Immunofluorescence staining was performed using rabbit anti-mouse LYVE-1 primary antibody (1:50, Abcam, USA, ab14917) incubated overnight at 4°C, and Alexa Fluor 594 goat anti-rabbit secondary antibody (1:200, Invitrogen, USA, 2506100) incubated for 2 h at room temperature. Fluorescent images were captured using an Olympus fluorescence microscope.
`5-Ethynyl-2′-deoxyuridine (EdU) proliferation assay
H LEC proliferation was assessed using a BeyoClick™ EdU Cell Proliferation Kit (Beyotime Biotechnology, China, C0071S) according to the manufacturer’s protocol. Briefly, HLECs were cultured in 24-well plates until approximately 70% confluent and then incubated with EdU (1:1000 dilution) for 4 h. Cells were fixed with 4% paraformaldehyde for 15 min at room temperature, permeabilized with 0.1% Triton X-100 for 15 min at 37°C, and subjected to a 30-min click reaction to detect EdU-labeled cells. Nuclei were counterstained with DAPI (1:1000, Beyotime Biotechnology, China, C1002). Fluorescent images were captured using an Olympus fluorescence microscope.
Cell migration assay
Cell migration was assessed using Transwell migration assays (8 µm pore size, Corning, USA). Briefly, 1 × 10⁵ of HLECs in 200 µL of serum-free medium were seeded into the upper chamber, while the lower chamber was filled with 600 µL of complete medium containing 12% fetal bovine serum. After incubation for 16 ho at 37°C with 5% CO2, cells in the upper chamber were fixed with methanol for 15 min at room temperature and stained with 0.2% crystal violet for 2 min. The migrated cells on the lower membrane were visualized and counted under a bright-field microscope.
Tube formation assay
Forty microliters of Matrigel (BD Biosciences, China, 356234) was added to each well of a pre-cooled 24-well plate and allowed to polymerize at 37°C for 30 min. HLECs suspended in complete medium were then seeded onto the polymerized Matrigel and incubated for 4 h at 37°C. Tube formation was visualized under a bright-field microscope and quantified by measuring total tube length using ImageJ software.
Cell sprouting assay
 HLECs (8 × 10⁴ cells) were suspended in 4 mL of complete medium and mixed with 1 mL of methylcellulose solution. Methylcellulose powder was dissolved in serum-free medium to create a 2.5 mg/mL solution. Twenty-five microliters of this mixture were pipetted onto a 15 cm culture dish cover and incubated overnight at 37°C to form spheroids. These spheroids were embedded in a collagen/methylcellulose gel composed of 2 mg/mL collagen buffer (R&D SYSTEMS, USA, 3440-100-01) and isochoric methylcellulose solution diluted with 20% FBS. The gel was overlaid with complete medium supplemented with 20 ng/mL VEGF-C (PEPROTECH, China, 100-20CD) and cultured for 24 h. Spheroid sprout length was quantified using ImageJ software from bright-field images.
Cell viability assay
CCK-8 assay was used to evaluate cell viability. Briefly, HLECs were seeded onto 96-well plate in complete medium. 100 µL of 10% CCK-8 reagent solution (Beyotime Biotechnology, C0037) was added into each well and incubated for 1.5 h in an incubator away from light. Cell viability was analyzed by measuring the absorbance at 450 nm wavelength using a microplate reader (Molecular Devices, FilterMax F5).
RNA extraction and quantitative real-time PCR (qRT-PCR)
Total RNAs were isolated using TRIzol reagent (Thermo Fisher Scientific, USA, 15596026CN) following the manufacturer's protocol. RNA concentration and purity was determined using a NanoDrop ND-1000 spectrophotometer (Agilent, USA). To quantify tsRNA-0032 expression, total RNAs were reverse transcribed into cDNAs using the EZB-miRT4-L microRNA Reverse Transcription Kit, followed by qRT-PCR with the EZB-miProbe-R2 microRNA qPCR Master Mix. For the quantification of other gene expression, total RNAs were reverse transcribed into cDNAs using HiScript qRT SuperMix for qPCR (Vazyme, China), and subsequent qRT-PCRs were performed using ChamQ SYBR qPCR Master Mix. Relative gene expression levels were calculated using the 2-ΔΔCt method, normalizing tsRNA-0032 expression to U6 and other gene expression to β-actin. All primer sequences are listed in Table S1.
Western blot
   HLECs were lysed in RIPA buffer (Beyotime Biotechnology, China, P0013B) with added protease and phosphatase inhibitor cocktail. Protein concentration was measured using the BCA Protein Assay Kit (ThermoFisher Scientific, USA, 23227), and proteins were denatured at 100°C in a metal bath heater for 10 min. After treatment, proteins were separated on SDS-polyacrylamide gels and transferred onto a PVDF membrane (Millipore, USA, IPVH00010). The membranes were blocked with 5% non-fat milk for 2 h at room temperature, then incubated with primary antibodies overnight at 4°C, followed by incubation with HRP-conjugated secondary antibodies for 1.5 h at room temperature. Protein bands on the membranes were visualized using an enhanced chemiluminescence (ECL) system. Images were captured with a ChemiDoc Touch Gel Imaging System (TANON, Shanghai, China) and analyzed using ImageJ software. The catalog of antibodies is listed in Table S2. The full length uncropped original western blots are provided in Supplementary data 2.
Matrigel plug assay
Male C57BL/6J mice (5-6 weeks old) received a subcutaneous injection of 500 µL Matrigel (ABW, China, 00827235) supplemented with heparin (60 units) and VEGF (100 ng/mL, PEPROTECH, China, AF-450-32). Each Matrigel mixture contained either a negative control agomir (NC agomir), tsRNA-0032 agomir, a negative control antagomir (NC antagomir), or tsRNA-0032 antagomir (all obtained from GENERAY, China). After 14 days, Matrigel plugs were harvested, frozen-sectioned, and immunostained with rabbit anti-mouse LYVE-1 antibody (1:200, Abcam, USA, ab14917) followed by Alexa Fluor 594 goat anti-rat secondary antibody (1:500, Invitrogen, USA, 2506100).
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Figure S1. tsRNA-0032/PKM2 signaling regulates glycolysis in HLECs
HLECs were transfected with a negative control (NC) inhibitor, tsRNA-0032 inhibitor, tsRNA-0032 combined with scrambled siRNA (Scr), and tsRNA-0032 combined with PKM2 siRNA. The extracellular acidification rate (ECAR) of HLECs was measured using the Seahorse XFe96 Analyzer (A). Glycolysis, glycolytic capacity, and glycolytic reserve were calculated from the ECAR results (B). Pyruvate, lactate, and ATP production in HLECs were detected using respective quantification kits (C - E, n = 4). Statistical analysis was performed using one-way ANOVA followed by Bonferroni's test. *P < 0.05 between the marked groups. (F) HLECs were transfected with NC mimic, tsRNA-0032 mimic, NC inhibitor, tsRNA-0032 inhibitor, or left untreated (Ctrl). The levels of HK2 and PFKFB3 were determined by qRT-PCR assays (n = 4, one-way ANOVA followed by Bonferroni's test, *P < 0.05 compared to the Ctrl group)
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Figure S2. PKM2 regulates HLECs function in vitro
HLECs were transfected with null vector, PKM2 overexpression vector, scrambled (Scr) siRNA, PKM2 siRNA or left untreated (Ctrl) and then exposed to LPS (100 ng/ml) for 12 h. qRT-PCR assays and western blot assays were conducted to detect the expression of PKM2 in HLECs (A and B, n = 4, one-way ANOVA followed by Bonferroni test, *P < 0.05 versus Ctrl group). Cell proliferation ability was detected by EdU staining. EdU, red; DAPI, blue. Scale bar, 20 μm (C, n = 4). Cell migration ability was detected by transwell assays. Scale bar, 20 μm (D, n = 4). The ability of cells to form tubes was evaluated using Matrigel assays. Scale bar, 100 μm (E, n = 4). Cell sprouting ability was detected by spheroid sprouting assays. Scale bar, 100 μm (F, n = 4). The significant difference was evaluated by one-way ANOVA followed by post hoc Bonferroni test. *P < 0.05 versus Ctrl group. 
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Figure S3. Shikinon regulates HLEC function in vitro
Cell viability was assessed using CCK-8 assays after pretreating cells with various concentrations of Shikinon (n = 4, one-way ANOVA followed by Bonferroni test, *P < 0.05 versus Ctrl group).




























Table S1   Primers in this study
	Gene
	Reverse primer (5'→3')
	Reverse primer (5'→3')

	ANG
	AGGTGTCTTGCCCCTATGAC
	ATCGTCTGTGATGGCTGTGC

	Dicer
	AGACTGTCGTGCCGTATTGG
	TTCCTGTGCAGCTCCTCTTG

	PKM2
	ATGTCGAAGCCCCATAGTGAA
	TGGGTGGTGAATCAATGTCCA

	FASN
	TGCGTGGCCTTTGAAATGTG
	CTCCATGTCCGTGAACTGCT

	HK2
	CCTCCCAGCAAGTTTCACCT
	ATTTTAGGACAGAGGCGGGC

	PFKFB3
	AATGCCCTCTTCACACCGTC
	ACGGACTCCACGTTCAGGTA

	AGO2
	ACAGCCAGCATCGAACATGA
	GAAATCTGGGACGGAAGGCA

	β-actin
	CTACCTCATGAAGATCCTCACCGA
	TTCTCCTTAATGTCACGCACGATT




Table S2   Antibodies for western blot in this study
	Anti-protein
	Supplier
	Catalog
	Dilution

	PKM2
	Proteintech
	15822-1-AP
	1:1000

	FASN
AGO2
	Proteintech
Abcam
	10624-2-AP
ab186733
	1:1000
1:1000

	β-actin
	Proteintech
	66009-1-Ig
	1:1000
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