
	Exo Marker
	Integrated Density

	Alix
	42235.91

	CD9
	43117.51

	CD81
	29882.61

	TSG101
	15380.58



Table S1. Quantitative analysis of WB results for Exo markers. The WB results for Exo markers were quantitatively analysed (Alix, CD9, CD81, TSG101) using Image J software.

[image: ]
Table S2. Enrichment of DEGs across KEGG pathways in the liver. Pathways were identified via a hypergeometric test with FDR correction (FDR < 0.05). Gene symbols of DEGs enriched in each pathway are listed.


[image: 图示  AI 生成的内容可能不正确。]
Table S3. Enrichment of DEGs across KEGG pathways in the lung. Pathways were identified via a hypergeometric test with FDR correction (FDR < 0.05). Gene symbols of DEGs enriched in each pathway are listed.


[image: 背景图案  AI 生成的内容可能不正确。]
Table S4. Enrichment of DEGs across KEGG pathways in the kidney. Pathways were identified via a hypergeometric test with FDR correction (FDR < 0.05). Gene symbols of DEGs enriched in each pathway are listed.


	ID
	Maternal age
	Apgar score
	Exo quality parameters

	
	
	
	Particle yield supernatant/mL
	Particle concentration/mL
	Protein concentration (mg/mL)
	Particle number/μg protein

	UC01
	28
	10
	3.9×108
	1.0×1011
	0.22
	4.5×108

	UC02
	27
	10
	4.6×108
	1.2×1011
	0.21
	5.7×108

	UC03
	28
	10
	4.6×108
	1.2×1011
	0.19
	6.3×108

	UC04
	25
	9
	3.0×108
	8.0×1010
	0.22
	3.6×108


Table S5. Donor characteristics and quality control parameters of umbilical cord-derived MSC-Exos. 



	Inclusion criteria
	Exclusion criteria

	Approved by the hospital ethics committee, and signed written informed consent was obtained.
	Genetic and underlying conditions: Family history of genetic disorders (within three generations), history of metabolic disorders (diabetes, thyroid disease, etc.), history of autoimmune diseases.


	Elective cesarean section for singleton pregnancy
	Pregnancy Complications: Gestational hypertension/diabetes, placental dysfunction, meconium-stained amniotic fluid, or premature rupture of membranes.


	Women of childbearing age
(25-30 years)
	Risk of infection: Serological test positive (HIV/HBV/HCV/TP), TORCH infection during pregnancy (IgM positive)


	Newborn Apgar score of 8-10

	Abnormal appearance of the umbilical
cord: vascular malformations, umbilical
cord cysts


Table S6. The inclusion criteria and exclusion criteria of UC-MSC donors.



[image: ]
Figure S1. DiD labelling of MSC-Exos and removal of free dye by SEC. (A, B) NTA detection of PEG-Liposomes median particle size: 137.23 ± 5.23 nm (A) and zeta potential (B): -53.21 ± 6.21 mV. n = 4. (C) Residual free dye in the upper layer is visible after SEC separation of DiD-labelled MSC-Exos (blue arrow pointing). (D) Fluorescence intensity of each fraction was detected by SEC after DiD labelling of hucMSC-Exos. (E) WB identification of Exo markers: Alix, CD9, CD63, TSG101, CD81, and Golgi matrix marker: GM130. (F) TEM images of different fractions. Scale bars show 200 nm. (G) DiD labelling efficiency of the nanoflow assay hucMSC-Exos (61.4%) and PEG-Liposomes (70.9%). Data are expressed as the mean ± SD.


[image: ]
Figure S2. Isolation, culture, and characterisation of MSCs. (A) Primary MSCs migrating from the explanted Wharton's jelly of human umbilical cord tissue under adherent culture conditions. Scale bar shows 100 μm. (B) Flow cytometric analysis of surface markers in passage 6 MSCs. Positive markers: CD29 (99.6%), CD90 (100%), CD105 (99.4%), CD73 (99.8%); negative markers: CD11b (0.15%), CD45 (0.15%), HLA-DR (1.13%), CD34 (0.15%), CD14 (1.13%). (C) Tri-lineage differentiation of MSCs at passage 6 after induction for the indicated durations (C), scale bars show 200 μm (Osteo) and 100 μm (Adipo and Chondro). 


[image: ]
[bookmark: OLE_LINK34]Figure S3. Fluorescence distribution imaging in the DiD group and the imaging of the gastrointestinal tract organs. (A) Fluorescence distribution imaging and fluorescence intensity analysis of each organ in the DiD group. Scale bar shows 10 mm, n = 4. (B) Fluorescence distribution imaging of the gastrointestinal tract organs in the DiD-labelled PEG-Liposome group and DiD-labelled hucMSC-Exo group. Scale bar shows 10 mm. Data are expressed as the mean ± SD.


[image: 图片包含 灯光, 街道, 黑暗, 夜晚  AI 生成的内容可能不正确。]
[bookmark: _GoBack]Figure S4. PCA plot performed on each group. The PCA plot shows the distribution of liver (A), lung (B), and kidney (C) samples in a reduced-dimensional space, where each data point represents an observation in the dataset. The X and Y axes of the plot represent the first two principal components, which capture the maximum variability in the data. The blue, red, and green colours, respectively, represent PEG-Liposomes, hucMSC-Exos, and PBS. (D) mRNA expression of H2-Aa, Cd74, MPO, Ccl5, Fgl2, Serpina3g, Tifa, Prtn3, Cxcr6, Gbp5, and Np5 by RT-qPCR in liver tissues of the PEG-Liposome group and hucMSC-Exo group.  n = 4. (E, F) mRNA expression of C1qc (E) and Serpina3b (F) in lung tissues of PEG-Liposome group and hucMSC-Exo group. n = 4. (unpaired Student’s t test). (G) mRNA expression of Ahsg, Vtn, Plg, Hpx, C6, C9, Serpinad1, Serpinc1, Mbl2 and C4bp by RT-qPCR in kidney tissues of the PEG-Liposome group and hucMSC-Exo group.  n = 4. Data are expressed as the mean ± SD.  Statistical analysis was performed using unpaired Student’s t test *p< 0.05, **p< 0.01, *** p< 0.001, **** p< 0.0001.
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Group Pathway description p-value Genes
. . . : Amy2a5;Amy2b;Cel;Cela2a;Cela3b;Chrm3;Cpa1;Cpa2;Cpb1;Ctrb1;Ctrl;Gm57
Liposomes  Pancreatic secretion 2.75E-20 71:Pnlip;Pnliprp1;Pnliprp2;Prss2;Prss3; Try10; Try4: Try5:;2210010C04Rik
. L . . : Cela2a;Cela3b;Col25a1;Cpa1;Cpa2;Cpb1;Ctrb1;Ctrl; Gm5771;Prss2;Prss3; Try
Liposomes Protein digestion and absorption 9.19E-13 10:Try4:Try5:2210010C04Rik
Liposomes IL-17 signaling pathway 1.00E-05 Cebpb;Fos;Fosb;Jun;Jund;Lcn2;S100a8;S100a9
Liposomes Fat digestion and absorption 1.07E-04 Cel;Clps;Pnlip;Pnliprp1;Pnliprp2
. L ) . . : Adcyap1r1;Adra2b;Adrb1;Bdkrb2;Chrm3;Gm5771;Gpr35;Npy;Prss2;Prss3;Try
Liposomes Neuroactive ligand-receptor interaction 1.32E-04 10:Try4:Try5:2210010C04Rik;
Liposomes Antigen processing and presentation 3.55E-04 Cd74;Ciita;H2-Aa;H2-Ab1;H2-DMb1;H2-Eb1
Liposomes Th1 and Th2 cell differentiation 4 57E-04 Fos;H2-Aa;H2-Ab1;H2-DMb1;H2-Eb1;Jun
Liposomes MAPK signaling pathway 5.04E-04 Dusp1;Dusp4;Dusp6;Dusp8;Epha2;Fos;Gadd45g;Ins2;Jun;Jund;Nr4a1
Liposomes Th17 cell differentiation 1.18E-03 Fos;H2-Aa;H2-Ab1;H2-DMb1;H2-Eb1;Jun
Liposomes Intestinal immune network for IgA production 1.29E-03 H2-Aa;H2-Ab1;H2-DMb1;H2-Eb1
) . . . Atp2a1;Cel;Cela2a;Cela3b;Cpa1;Cpa2;Cpb1;Ctrb1;Ctrl;Kcnma1;Pla2g1b;Pnlip
MSCExos = [Fancreatic sscretion S ‘Pnliprp1;Pnliprp2;Prss2; Try4; Try5; 2210010C04Rik
) L . . : Cela2a;Cela3b;Cpa1;Cpa2;Cpb1;Ctrb1;Ctrl;EIn;Prss2;Try4;Try5;
MSC -Exos Protein digestion and absorption 3.89E-06 2210010C04Rik:
MSC -Exos Circadian rhythm 7.13E-06 Arntl;Dbp;Nfil3;Npas2;Nr1d1;Per2;Per3
MSC -Exos Fat digestion and absorption 2.80E-04 Cel;Clps;Pla2g1b;Pnlip;Pnliprp1;Pnliprp2
MSC -Exos Cardiac muscle contraction 6.15E-04 Atp2a1;Cacnals;Cacna2d1;Cacng6;Cox8b;Hrc;Myh7;Tpm2
) . . : Cacna1s;Cacna2d1;Cacng6;Dusp4;Dusp6;Dusp8;Epha2;Fos;Gadd45g;Hspa2
MSC -Exos MAPK signaling pathway 7.22E-04 - Jun:Jund;Map2k6;Map3k6:Nirk1:Pdgfc
MSC -Exos Cortisol synthesis and secretion 9.67E-04 Cacna1ls;Cyp11b1;Cyp21a1;Hsd3b1;Nr5a1;Pde8b;Star
MSC -Exos Oxytocin signaling pathway 1.94E-03 Actg1;Cacna1ls;Cacna2d1;Cacng6;Cdkn1a;Fos;Jun;Kcnj12;Mylk2;Ryr1
MSC -Exos Glycerolipid metabolism 2.48E-03 Cel;Lpin1;Lpin2;Pnlip;Pnliprp1;Pnliprp2
MSC -Exos Calcium signaling pathway 6.51E-03 Adrb1;Atp2a1;Avpria;Cacnals;Casq1;Hrc;Mylk2;Ntrk1;Pdgfc;Ryr1;SIc25a4;Tn

nc2
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Group Pathway description p-value Genes
Liposomes Viral protein interaction with cytokine and cytokine receptor 4.91E-09  Ccl7;Ccl8;Ccr3;Cxcl10;Cxcl9;Cxcr3;l118rap; Tnf
Liposomes Cytokine-cytokine receptor interaction 2.45E-08  Ccl7;Ccl8;Ccr3;Cxcl10;Cxcl9;Cxcr3;Cxcr6;Ifng;1118rap; Tnf, Tnfrsf25
Liposomes Chemokine signaling pathway 1.50E-05 Ccl7;Ccl8;Ccr3;Cxcl10;Cxcl9;Cxcr3;Cxcré
Liposomes IL-17 signaling pathway 4.62E-05  Ccl7;Cxcl10;Fos;lfng; Tnf
Liposomes T cell receptor signaling pathway 7.54E-05 Cd8a;Cd8b1;Fos;lfng;Tnf
Liposomes Antigen processing and presentation 4.34E-04 Cd8a;Cd8b1;Ifng; Tnf
Liposomes Steroid hormone biosynthesis 6.68E-04 Cyp11a1;Cyp11b1;Cyp2c65;Hsd3b1
Liposomes Toll-like receptor signaling pathway 8.46E-04 Cxcl10;Cxcl9;Fos; Tnf
Liposomes Natural killer cell mediated cytotoxicity 3.44E-03 Hcst;lfng;Klra4; Tnf
Liposomes Cortisol synthesis and secretion 3.66E-03 Cyp11a1;Cyp11b1;Hsd3b1
C1qc;C4bp;C8a;C8g;C9;Cfhr2;Cfi;F11;F12;F13b;F2;Fga;Fgb;Fgg;Klkb1;Kng
MSC -Exos Complement and coagulation cascades 1.80E-22  1;MbI2;Plg;Proc;Serpinala;Serpina1b;Serpinaic;Serpinald;Serpinale;Serpi
nb2;Serpinc1;Serpind1;Serpinf2
Akr1d1;Cyp11b1;Cyp1a2;Cyp21a1;Cyp2c23;Cyp2c29;Cyp2c37;Cyp2c38;Cy
. . . : p2c50;Cyp2c54;Cyp2c65;Cyp2c68;Cyp2c70;Cyp2d10;Cyp2d26;Cyp2d9;Cy
MSC-Exos  Steroid hormone biosynthesis 342E-21 1 13a11.Cyp3a25;Hsd3b1;Hsd3b3:Hsd3b5;Ugt2b1;Ugt2b34;Ugt2b35:Ugt2b3
6;Ugt2b37;Ugt2b5
Adh4;Cyp1a2;Cyp2a12;Cyp2c23;Cyp2c29;Cyp2c37;Cyp2c38;Cyp2c50;Cyp
MSC -Exos Retinol metabolism 3.38E-17  2c54;Cyp2c65;Cyp2c68;Cyp2c70;Cyp3al1;Cyp3a25;Cyp4al10;Cypdal2a;R
dh16f2;Rdh7;Ugt2b1;Ugt2b34;Ugt2b35;Ugt2b36;Ugt2b37;Ugt2b5
Abcb11;Abcc2;Abcg5;Acnat1;Acnat2;Aqp8;Agp9;Baat;Slc10a1;Slc22a1;Slc
MSC -Exos Bile secretion 1.24E-12  27a5;SIco1a1;Slco1b2;Sult2a8;Ugt2b1;Ugt2b34;Ugt2b35;Ugt2b36;Ugt2b37;
Ugt2b5
. . . . : Cyp1a2;Cyp2c23;Cyp2c29;Cyp2c37;Cyp2c38;Cyp2c50;Cyp2c54;Cyp2c65;
MSC -Exos Linoleic acid metabolism 1.90E-11 Cyp2c68:Cyp2c70;Cyp2j5:Cyp3all;Cyp3a25:Pla2g2d
. . . . ] Cyp2c¢23;Cyp2¢29;Cyp2c37;Cyp2c38;Cyp2c50;Cyp2c54;Cyp2c65;Cyp2c68;
MSC -Exos Arachidonic acid metabolism 3.89E-08 Cyp2¢70:Cyp2j5;Cyp4al0:Cypdal2a:Pla2g2d:Ptgds
MSC -Exos Ascorbate and aldarate metabolism 7.21E-08  Gulo;Kl;Rgn;Ugt2b1;Ugt2b34;Ugt2b35;Ugt2b36;Ugt2b37;Ugt2b5
. o : Adh4;Aldh3b2;Cyp1a2;Gstm3;Gstm7;Sult2a8;Ugt2b1;Ugt2b34;Ugt2b35; Ugt
MSC -Exos Metabolism of xenobiotics by cytochrome P450 4.36E-07 2b36:Ugt2b37:Ugt2b5
) — ] Ces1c;Ces2a;Dpys;Gstm3;Gstm7;Rrm2;Ugt2b1;Ugt2b34;Ugt2b35;Ugt2b36;
MSC -Exos Drug metabolism - other enzymes 8.75E-07 Ugt2b37;Ugt2b5:Upb1
MSC -Exos Inflammatory mediator regulation of TRP channels 1.32E-06 Asici;Camk2b;Cyp2c23;Cyp2c29;Cyp2c37;Cyp2c38;Cyp2c50;Cyp2c54;Cyp

2¢65;Cyp2c68;Cyp2c70;Cyp2j5;Cyp4a10;Cyp4al2a;Kng1
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Group Pathway description p-value Genes

Liposomes Th1 and Th2 cell differentiation 7.11E-06 Cd3e;Cd3g;Fos;H2-DMa;Jun;Lat

Liposomes IL-17 signaling pathway 1.05E-05 Cebpb;Cxcl1;Fos;Fosb;Jun;Ptgs2

Liposomes T cell receptor signaling pathway 1.88E-05 Cd3e;Cd3g;Cd8b1;Fos;Jun;Lat

Liposomes Th17 cell differentiation 1.99E-05 Cd3e;Cd3g;Fos;H2-DMa;Jun;Lat

Liposomes NF-kappa B signaling pathway 2.10E-05 Cxcl1;Gadd45b;Gadd45g;Lat;Ltb;Ptgs2

Liposomes MAPK signaling pathway 2.55E-05 Cacng5;Dusp1;Dusp5;Fos;Gadd45b;Gadd45g;Jun;Nr4a1;Rac2

Liposomes TNF signaling pathway 3.53E-05 Cebpb;Cxcl1;Fos;Jun;Junb;Ptgs2

Liposomes Apoptosis 0.000842 Ctsw;Fos;Gadd45b;Gadd45g;Jun

Liposomes Hematopoietic cell lineage 0.001561 Cd3e;Cd3g;Cd8b1;H2-DMa

MSC -Exos Complement and coagulation cascades 5 90E-14 ?%22;06;09;thr2;F12;F2;ng;Hc;Kng1 ;MbI2;Plg;Serpinate;Serpinc1;Serpind
MSC -Exos Circadian rhythm 6.94E-08 Arntl;Cry1;Dbp;Nfil3;Npas2;Per2;Per3

MSC -Exos Steroid hormone biosynthesis 7 79E-07 tc;)tl)%l; a2;Cyp2c29;Cyp2c70;Cyp2d10;Cyp3ai1;Cyp3a25;Gm10681;Hsd3b4;Ug
MSC -Exos Retinol metabolism 1.09E-05 Cyp1a2;Cyp2a5;Cyp2c29;Cyp2c70;Cyp3al1;Cyp3a25;Rdh7;Ugt2b36

MSC -Exos Linoleic acid metabolism 0.000195 Cyp1a2;Cyp2c29;Cyp2c70;Cyp3a11;Cyp3a25

MSC -Exos GABAergic synapse 0.000439 Gabrb2;Gabrg2;Gad1;Slc32a1;Slc6a1;Slc6a11

MSC -Exos Synaptic vesicle cycle 0.001585 Slc17a7;SIc32a1;SIc6a1;SIc6a11;Syt1

MSC -Exos TNF signaling pathway 0.001688 Cebpb;Creb3I3;Cxcl1;Jun;Junb;Ptgs2

MSC -Exos NF-kappa B signaling pathway 0.006077 Cxcl1;Gadd45a;Gadd45b;Gadd45g;Ptgs2
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Exo   Marker  Integrated Density  

Alix  42235.91  

CD9  43117.51  

CD81  29882.61  

T SG 101  15380.58  

  Table  S1 .   Quantitative analysis of WB results for E xo   markers .   The WB results for Exo markers  were quantitatively analysed  (Alix , CD9, CD81, T SG 101) using Image J  software.    

