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Abstract

the shortage of donor organs. Generating human organs in large mammals through embryo complementation holds

Organ transplantation is the best way for treating end-stage kidney diseases, but is limited by

great potential to solve it. However, it remains unknown whether it is feasible to grow human kidneys in large
mammals through this approach. In this study, hiPSCs were transferred with proliferation-promoting gene MYCN
and the anti-apoptotic gene BCL2 to enhance the competitiveness and survival ability of cells in pig embryos, and
then were induced into naive state with a special medium (4CL), created an ideal donor cell type for chimeric in-
tegration. Besides, the embryo complementation technique was comprehensively optimized and a novel pig model
with partial mesonephric-deficient and complete metanephros deficiency was generated. Based on above efforts,
human mesonephros kidneys were grown inside nephric-deficient pigs. The proportion of human-derived cells in
the chimeric mesonephros reached up to 70%, and the proportion of the mesonephric tubules reach a maximum of
58%. Importantly, these cells expressed functional markers for kidney development, indicating that human donor
cells could differentiate into functional cells and hold potential for the formation of metanephros. For the first time,

this study validates the feasibility of generating a humanized solid organ in organogenesis-disabled pigs, opening a

new avenue to solve the shortage of human organs for transplantation.
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A,B: UMAP comparing scRNA-seq datasets of the human preimplantation embryos with human PSCs cultured in 4CL, 5iLA, PXGL, RSeT and primed
conditions; C: the expression patterns of pluripotency-related genes based on scRNA-seq datasets of human PSCs cultured in 4CL, 5iLA, PXGL, RSeT
and primed conditions; D: Western blot of MYCN and BCL2 expression in 4CL/N/B iPSCs with or without Dox induction; E: heatmap of differentially
expressed genes (DEGs) among 4CL, 4CL/N/B, 5iLA, PXGL, RSeT, and primed PSCs based on scRNA-seq datasets; F: GO analysis showed cell
cycle, cell pathway and other related genes were upregulated in 4CL/N/B cells; G: 4CL/N/B cells had a higher proportion of cells in the G,/M phase

comparing to 4CL cultured naive cells.
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Fig.1 scRNA-seq datasets indicate that 4CL/N/B cells exhibit characteristics of early embryonic-like cells

and possess strong proliferative capacity (modified from reference [21])
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A: representative bright field images of 4-8 cell stage and morula stage cultured to E6.5 pig blastocysts under different culture conditions; B: quantifica-
tion of blastocyst formation proportion in the conditions from panel A; C: proportional statistics of the number of chimera, non-chimera, and abnormal
blastocysts obtained from the culture of human-pig chimeric morula-stage morula-stage embryos in different culture systems; D: proportional statistics
of the number of chimera, non-chimera, and abnormal blastocysts obtained from human-pig chimeric embryos injected with different numbers of hu-
man donor cells.

E2 A-JERERRHMER AR RBIMLARIESE SCRR 21118250

Fig.2 Optimization of human-pig embryo complementation technology system (modified from reference [21])
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A: TUNEL and Annexin V staining indicated that 4CL/N/B cells had no significant apoptosis in chimeric blastocysts; B: E-cadherin staining showed ad-
hesion of 4CL/N/B cells to pig cells; C: calcein stain indicated the establishment of functional connections between 4CL/N/B cells and pig cells; D: SOX2
immunofluorescence staining indicated that 4CL/N/B cells could contribute to ICM; E: CDX2 immunofluorescence staining indicated that 4CL/N/B cells

could contribute to TE.
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Fig.3 Detection of the viability, host integration, and differentiation potential of 4CL/N/B cells in chimeric embryos

(modified from reference [21])
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A: sanger sequencing chromatograms of SIXI™ fetuses; B: H&E staining showed vacuolar degeneration of E51 SIX1™ renal tubules; C: sanger se-

quencing chromatograms of SALLI gene in double-gene homozygous knockout embryo; D: H&E staining images of mesonephros in WT and SLX1/SALLI-

null embryos at E35. The right side was the local enlargement of the mesonephros and the yellow dotted line in the WT embryo delineated the meta-

nephros.
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Fig.4 Genotype detection and phenotype analysis of nephric-defective pig fetuses (modified from reference [21])
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A: representative bright-field, stereo fluorescence and immunofluorescence images of WT, E25, and E28 embryos; B: quantification of DsRed positive
mesonephric tubules of WT, E25, and E28 embryos; C: quantification of DsRed and h-nuclei double-positive mesonephric cells of WT, E25, and E28
embryos; D: H&E images of mesonephros of WT, SIX1/SALLI-null, E25, and E28 embryos; E: immunofluorescence staining of SIX1 and h-nuclei in
mesonephros of E25 and E28 embryos; F: immunofluorescence staining of SALL1 and DsRed in mesonephros of E25 and E28 embryos.

E5 $txtExa s L NIRARERER S IHREIT 2R 1ESE SRk 21112 8250

Fig.5 Analysis of chimerism of human cells in chimeric embryos (modified from reference [21])
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