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            Abstract
Fuelled by the obesity epidemic, there is considerable interest in the developmental origins of white adipose tissue (WAT) and the stem and progenitor cells from which it arises. Whereas increased visceral fat mass is associated with metabolic dysfunction, increased subcutaneous WAT is protective. There are six visceral fat depots: perirenal, gonadal, epicardial, retroperitoneal, omental and mesenteric, and it is a subject of much debate whether these have a common developmental origin and whether this differs from that for subcutaneous WAT. Here we show that all six visceral WAT depots receive a significant contribution from cells expressing Wt1 late in gestation. Conversely, no subcutaneous WAT or brown adipose tissue arises from Wt1-expressing cells. Postnatally, a subset of visceral WAT continues to arise from Wt1-expressing cells, consistent with the finding that Wt1 marks a proportion of cell populations enriched in WAT progenitors. We show that all visceral fat depots have a mesothelial layer like the visceral organs with which they are associated, and provide several lines of evidence that Wt1-expressing mesothelium can produce adipocytes. These results reveal a major ontogenetic difference between visceral and subcutaneous WAT, and pinpoint the lateral plate mesoderm as a major source of visceral WAT. They also support the notion that visceral WAT progenitors are heterogeneous, and suggest that mesothelium is a source of adipocytes.
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                    Figure 1: Wt1-positive cells reside in the stromal vascular fraction (SVF) in visceral WAT but not subcutaneous WAT or BAT depots.[image: ]


Figure 2: Extensive long-term contribution of the Wt1-positive cells, induced at E14.5 to mature adipocytes in epididymal WAT but not in subcutaneous WAT or BAT.[image: ]


Figure 3: Wt1-positive cells in adult adipose tissues express adipose progenitor surface markers.[image: ]


Figure 4: Characterizing an ex vivo model of mesothelium and epididymal appendage differentiation into adipocytes using multiphoton microscopy.[image: ]


Figure 5: FACS profiling of mesothelium and mesothelium-derived cells by adipose progenitor markers.[image: ]
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Supplementary Figure 1 Representative FACS analysis of Lipidtox staining from the floating layer from adipose tissue digestion.
(a) Single cells (P1) from the fl oating layers were stained with LipidTox (Deep Red) or without and analysed by FACS (n = 3). (b) Immunofl uoresence of bone marrow from Wt1-CreERT2.mTmG mice (induced at E14.5 and harvested at one-two month old). Adipocytes in the bone marrow were stained with perilipin antibody (indicated in red; cell nuclei were stained with DAPI in blue). No GFP+ cells were detected. (c) FACS analysis of bone marrow cells. No GFP+ cellswere detected. Bone marrow cells from Cre-negative mice were used for the GFP gating (n = 3).


Supplementary Figure 2 Immunofluorescence images of adipose tissues from lineage tracing study.
One dose of tamoxifen was given to pregnant animals at E14.5 and mice were analysed at 1.2 years-old (n = 4). Sections from various fat pads were stained with GFP antibody(indicate in red), Wt1-antibody (indicate in green), and cell nuclei were stained with DAPI (blue). a, epicadial; b, omental; c, perirenal; d, retroperitoneal; e, mesenteric. (f) Subcutaneous section stained with anti-RFP antibody (indicated in green) and GFP (indicated in red).


Supplementary Figure 3 Differentiation of SVFs into myotubes, osteoblasts, and adipocytes.
(a) Myotube differentiation assay. SVFs from Wt1CreERT2.mTmG mice were co-cultured with C2C12 myoblast and maintained in myotube differentiation medium for two weeks. Cells were stained with GFP (green) and desmin (red) or RFP (red) and desmin (green).Multinucleated myotubes expressing both GFP and desmin or RFP and desmin were observed (yellow). (b) adipocyte differentiation assay. SVFs were cultured in adipocyte differentiation medium for 10 days. GFP signal is indicated in green and RFP signal is indicated in red. Fluorescence images were merged with bright field image. Lipid droplets were seen in adipocytes. (c) Osteoblast differentiation assay. Sorted cells were cultured in osteoblast differentiation medium (DMEM, 10% FCS, P/S, ascrobate-2-phosphate, η-glycerophosphate and dexamethasome for 3 weeks. Alkaline phosphatase assay (blue) was used to detect osteoblasts. Osteoblast differentiation assay which was performed in SVFs sorted from different fat pads was shown in (d).


Supplementary Figure 4 Visceral fat pads are covered by mesothelia and short tamoxifen-pulsing labeled mesothelia.
(a) Visceral fat pads in adult mice are covered by mesothelia. Immunofluorescence staining of sections from epididymal, epicardial, mesenteric, and omental fat pads (from Wt1-GFP mice) with GFP (green) and cytokeratin (red, a marker for mesothelia) antibodies. DAPI is indicated in blue. (b)Short tamoxifen-pulsing labeled mesothelia in lineage tracing experiment. Immunohistochemistry using GFP (green) and cytokeratin (red) antibodies on samples from the region of GI tract in Wt1-CreERT2; mTmG embryos induced with tamoxifen at E14.5 and analysed at E16.5. Cell nuclei is stained with DAPI (blue).


Supplementary Figure 5 The epididymal appendage is covered by mesothelia and lipid-filled cells in the explant culture are adipocytes.
(a) Whole mount immunostaning of epididymal appendage from postnatal day 2 CD1 pups with a mesothelin (red) antibody. Immunoflurescence image of mesothelin is overlapped with the brightfield image. (b) Immunofluorescence staining of sections from E18.5 Wt1-GFP embryo showing the GFP+ layer (green) covering the surface of GI tract is mesothelin (red) positive. Cell nuclei are stained with DAPI (blue). (c) Lipid droplets-fi lled GFP+ cells (green) in the epididymal appendage explant culture (Wt1-Cre^ERT2; mTmG) express adipocyte marker (FABP4, red) and (d) perilipin (green). GFP in (d) is indicated in red.
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Supplementary Table 5
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Time-lapse video of adipocytes formation in a Cre-positive epididymal appendage ex vivo culture.
Time-lapse of the epididymal appendage in a Cre-positive Wt1-lineage tracing model (Wt1-CreERT2; mTmG) cultured in matrigel and adipocyte differentiating medium (including 1 μM 4-OH tamoxifen). Cells in the mesothelium expressed RFP at the beginning and then started expressing GFP. Adipocytes became visible in cells with lipid droplets. (AVI 24689 kb)


Time-lapse video of adipocytes formation in a Cre-negative epididymal appendage ex vivo culture.
Time-lapse of the epididymal appendage in a Cre-negatgive Wt1-lineage tracing model (Wt1-CreERT2; mTmG) cultured in matrigel and adipocyte differentiating medium (including 1 μM 4-OH tamoxifen). No GFP cells were detected. (AVI 33133 kb)
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