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Synergistic effect of combinational SHEN26 and PF07817883 in SARS-CoV-2 infection
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Materials and Methods 
In vitro anti-SARS-CoV-2 activity assays
Vero E6 cells (#CRL-1586) were obtained from ATCC. Vero E6 cells were cultured in Dulbecco′s modified Eagle′s medium (DMEM) with 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin antibiotics. The cells were kept at 37 ℃ under 5% CO2 atmosphere. Vero E6 cells were pre-seeded at 2 × 104 cells per well to 96-well plates. Cells were allowed to adhere for 16-24 h and inoculated with SARS-CoV-2 at multiplicity of infection (MOI) of 0.05 for 1 h. The supernatant was removed, and cells were washed with pre-warmed PBS for 2 times, treated with fresh medium containing gradient concentration of compounds (SHEN26, PF07817883 or the combination), or DMSO for 1 h. After 48 h post infection, the supernatants were collected, antiviral activities were evaluated by quantification of viral copies in the cell supernatant via real-time fluorescence quantitative PCR (qRT-PCR). The inhibition rate of compounds was calculated based on the viral copies, and the 50% effective concentration (EC50) and dose-response matrix was calculated using Graphpad Prism 8.0 software. Synergy analysis was conducted using the SynergyFinder+ web (https://synergyfinder.org) application based on Bliss independence and ZIP models (Yadav et al., 2015; Zheng et al., 2022). The test results were at least repeated three times.

In vivo anti-SARS-Cov-2 activity in the K18-hACE2 mouse model
The mouse infection experiments of SARS-CoV-2 were performed at the ABSL-3 Laboratory of Guangzhou Laboratory. The C57BL/6 [B6.Cg-Tg (K18-ACE2)2Prlmn/J] mice were divided into four groups (n = 6 for each group), the vehicle group, the group receiving SHEN26 100 mg/kg orally, the group receiving PF07817883 200mg/kg orally and the group receiving SHEN26 100mg/kg and PF07817883 200mg/kg orally. K18-hACE2 mice were anesthetized by inhalation of isoflurane and were intranasally inoculated with SARS-CoV-2 EG.5 variant (1 × 105 TCID50 virus per mouse). Meanwhile, mice were treated with vehicle (20% PG+5% solutol +75% ddH2O), SHEN26, PF07817883 or the combination according to group description as described above. The in vivo doses of SHEN26 (100 mg/kg, oral, once daily) and PF-07321332 (200 mg/kg, oral, once daily) were not arbitrary; they were selected based on (i) published preclinical PK/PD benchmarks for each compound, (ii) the dose–response relationship established in the K18-hACE2 / hACE2 mouse model, and (iii) the specific aim of the combination study to test sub-maximal (non-saturating) single-agent doses so that a synergistic effect could be objectively demonstrated rather than masked by ceiling effects. Mice were observed for clinical signs daily from day 0 to day 3. At day 3, mice were sacrificed. The lung tissues from euthanized mice were homogenized with DPBS, and the homogenized tissues were centrifuged at 3000 rpm for 10 min at 4 °C. The RNA was extracted from the supernatant for the qRT-PCR testing. Data are presented as mean ± SEM (n = 6 for each group). Statistical significance was determined by one-way ANOVA with Tukey’s multiple comparisons test. 

qRT-PCR assay
For SARS-CoV-2 RNA quantification, total RNA was extracted from cell culture supernatant (or tissues) using Trizol (Invitrogen) with Magbead Viral DNA/RNA Kit (CWBIO) according to the manufacturer′s instructions. Virus was detected by using SARS-CoV-2 nucleic acid detection kit (Da′an Company, Guangzhou, China). For detection of viral genomes, the following primers were used to amplify the genomic RNA for the nucleocapsid protein: 2019-nCoV_N1-F: 5′-AAGAAATTCAACTCCAGGCAGC-3′; 2019-nCoV_N1-R: 5′-GCTGGTTCAATCTGTCAAGCAG -3′; Prb: 5′-TCACCGCCATTGCCAGCCA-3′. The following primers were used to amplify the subgenomic RNA for the N protein: F: 5′- CCAGGTAACAAACCAACCAA-3′; R: 5′-TGAGTGAGAGCGGTGAACCAA-3′. 




Supplementay Figure
[image: ]
[bookmark: OLE_LINK104]Supplementary Fig. S1. A–B Synergy analysis of SHEN26 and PF07817883 using the Bliss model (A) and HSA model (B). Synergy scores were calculated based on the dose-response matrix and visualized as a heatmap, with positive scores indicating synergistic effects (Red) C Dose-dependent cytotoxicity analysis of SHEN26 and PF07817883 alone or in combination in Vero E6 cells. The left shows the cytotoxicity curve of the SHEN26 and PF07817883 combination, while the middle and right panels show the cytotoxicity curves of SHEN26 and PF07817883 respectively. CC50 values were calculated based on cell viability assays. D Dose-response matrix of SHEN26 in combination with PF07817883. Cells were treated with a concentration matrix of the two compounds and infected with SARS-CoV-2 WT. Antiviral activity was normalized to the vehicle-treated control and visualized as a heatmap (D). E–G Synergy analysis of SHEN26 and PF07817883 using the ZIP model (E), Bliss model (F) and HSA model (G). Synergy scores were calculated based on the dose-response matrix and visualized as a heatmap, with positive scores indicating synergistic effects (Red).
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