
1 
 

Supplementary Materials  

 

In Vitro Culture Expansion Shifts the Immune Phenotype of Human Adipose-

derived Mesenchymal Stem Cells  

Richard Jeske# 1, Xuegang Yuan#1,2, *, Qin Fu1,a, Bruce A. Bunnell3,  

Timothy M. Logan4, Yan Li1,5, * 

1. Department of Chemical & Biomedical Engineering, FAMU-FSU College of Engineering, 

Florida State University, Tallahassee, FL, United States 

2. The National High Magnetic Field Laboratory, Florida State University, Tallahassee, FL, 

United States 

3. Department of Microbiology, Immunology, and Genetics, University of North Texas 

Health Science Center, Fort Worth, TX, United States 

4. Department of Chemistry and Biochemistry, Florida State University, Tallahassee, FL, 

United States 

5. Institute of Molecular Biophysics, Florida State University, Tallahassee, FL, United States 

 

Supplementary Figure S1. Flow cytometry analysis of cell cycle distribution of hASCs at P5 

and P12. 
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Supplementary Figure S2. Representative images for adipogenic differentiation and 

osteogenic differentiation. (A) Oil red O staining for adipogenic differentiation; and (B) Von 

Kossa staining for osteogenic differentiation. Scale bar: 100 µm. 

 

 

Supplementary Figure S3. Comparison of M1/M2 macrophages with M0 macrophages to 

confirm the successful polarization. The relative mRNA levels of M1 and M2 markers were 

determined by RT-PCR.  
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Supplementary Figure S4. The fold change in cytokine secretion when treated with IFN-γ 

compared to the control (without IFN-γ treatment) (corresponding to Figure 4D and 4E). 

 

 

Supplementary Figure S5. Relative mRNA expression of cell signaling genes for P12 vs. P4 

hASCs. * indicates p<0.05.  
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Supplementary Figure S6.  Additional results from transcriptome analysis for P4 vs. P12 

differentially expressed genes (DEGs). (A)  Principal component analysis (PCA) demonstrated 

the separation of hMSCs at P4, P8, and P12 as categorized with the genes identified in 

transcriptomics. (B) Pericyte-related genes for P4 vs. P12 group.  (C) Astrocyte-related genes for 

P4 vs. P12 group. (D) Microglia-related genes (highly expressed in P4 group or similarly expressed 

for P4 vs. P12 group).  (E) Microglia-related genes (significantly upregulated in P12 group) for P4 

vs. P12 group. (F). Extracellular matrix (ECM)-related genes differentially expressed in P4 and 

P12 groups.  The numbers are the Log2 values of ratios of P12 cells to P4 cells. Negative values 

indicate that the genes are present in higher amounts in the P4 group, while positive values indicate 

that the genes are present in higher amounts in the P12 group. The number 1 indicates two-fold 

increase. 
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Supplementary Figure S7. The differential expression of CDK related genes. (A) P12 vs P4 

comparison. (B) P8 vs. P4 comparison. The numbers are the Log2 values of ratios of P12 or P8 

cells to P4 cells. Negative values indicate that the genes are present in higher amounts in the P4 

group, while positive values indicate that the genes are present in higher amounts in the P12 or P8 

group. The number 1 indicates two-fold increase. 
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Supplementary Figure S8. Additional results from transcriptome analysis for P4 vs. P12 

DEGs. (A) Genes related to HLA molecules.  (B) Genes related to IGF family; (C) Genes related 

to BMP family; (D) Genes related to TNF family; (E) Genes related to Sirt family; (F) Genes 

related to HOXB family.  

The numbers are the Log2 values of ratios of P12 cells to P4 cells. Negative values indicate that 

the genes are present in higher amounts in the P4 group, while positive values indicate that the 

genes are present in higher amounts in the P12 group. The number 1 indicates two-fold increase. 
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Supplementary Figure S9. Additional results from transcriptome analysis for P4 vs. P12 

DEGs. (A) Genes related to collagen molecules.  (B) Genes related to metabolism; (C) Genes 

related to CD markers; (D) Additional genes related to CD markers.  

The numbers are the Log2 values of ratios of P12 cells to P4 cells. Negative values indicate that 

the genes are present in higher amounts in the P4 group, while positive values indicate that the 

genes are present in higher amounts in the P12 group. The number 1 indicates two-fold increase. 
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Supplementary Figure S10. Corresponding to Figure 5: results from transcriptome analysis 

for P4 vs. P8 DEGs. (A) Interleukin mRNA expression (shown in fold change) for P8 vs. P4 

hASCs, showing upregulation at P8. (B) Chemokine mRNA expression (shown in fold change) 

for P8 vs. P4 hASCs, showing upregulation at P8. (C) Integrin mRNA expression for P8 vs. P4 

hASCs. (D) Growth factor mRNA expression (TGF, PDGF, and VEGF) for P8 vs. P4 hASCs. (E) 

Matrix metalloproteinase (MMP) mRNA expression for P8 vs. P4 hASCs.  

The numbers are the Log2 values of ratios of P12 cells to P4 cells. Negative values indicate that 

the genes are present in higher amounts in the P4 group, while positive values indicate that the 

genes are present in higher amounts in the P12 group. The number 1 indicates two-fold increase. 
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Supplementary Figure S11. Additional results from transcriptome analysis for P4 vs. P8 

DEGs). (A) Pericyte-related genes for P4 vs. P8 group.  (B) Astrocyte-related genes for P4 vs. P8 

group. (C) Genes related to IGF family; (D) Genes related to HLA molecules; (E) Microglia-

related genes (highly expressed in P4 group or similarly expressed for P4 vs. P8 group).  (F) 

Additional microglia-related genes (significantly upregulated in P8 group) for P4 vs. P8 group.  

The numbers are the Log2 values of ratios of P12 cells to P4 cells. Negative values indicate that 

the genes are present in higher amounts in the P4 group, while positive values indicate that the 

genes are present in higher amounts in the P12 group. The number 1 indicates two-fold increase. 
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Supplementary Figure S12. Additional results from transcriptome analysis for P4 vs. P8 

DEGs). (A) Collagen-related genes for P4 vs. P8 group.  (B) Laminin-related genes for P4 vs. P8 

group. (C) Genes related to metabolism (no significant change); (D) Genes related to HLA 

molecules; (E) Genes related to CD markers for P4 vs. P8 group.  (F) Additional genes related to 

CD markers for P4 vs. P8 group.  

The numbers are the Log2 values of ratios of P12 cells to P4 cells. Negative values indicate that 

the genes are present in higher amounts in the P4 group, while positive values indicate that the 

genes are present in higher amounts in the P12 group. The number 1 indicates two-fold increase. 
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Supplementary Figure S13. Heatmaps for DEGs of P4 vs. P8 only in Venn Diagram.  
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Supplementary Figure S14. Heatmaps for DEGs of P4 vs. P12 only in Venn Diagram. 
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Supplementary Figure S15.  Schematic of proteomics analysis work flow for hASCs at P4, 

P8, and P12. 

 

 

 

 

Supplementary Figure S16. GO analysis of DEPs (P8/P4 hASCs with 90 DEPs) 
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Supplementary Figure S17. Pathway enrichment analysis of DEPs (P8/P4) 

A.  

 

 

B.  
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C. 

 

 

Supplementary Figure S18.  GO analysis of DEPs overlapped between P8/P4 and P12/P4 

hASCs. 
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Supplementary materials for RNA-Seq data analysis 

Supplementary Spreadsheet 1.  “P4_vs_P12_Deseq2_Plus” for RNA-Seq data analysis.  

DEGs for P4 and P12 comparison. 

Supplementary Spreadsheet 2.  “P4_vs_P8_Deseq2_Plus” for RNA-Seq data analysis. 

DEGs for P4 and P8 comparison. 
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Supplementary Tables 

Supplementary Table S1. The donor information for the derived hASCs used in this study. 

 

Supplementary Table S2. Primer sequences for target genes in RT-PCR analysis. 

Gene Forward primer 5' to 3' Reverse primer 5' to 3' 

Oct-4 CAGCAGATCAGCCACATCGCC TGAGAAAGGAGACCCAGCAGCC 

Nanog CCTGTGATTTGTGGGCCTG GACAGTCTCCGTGTGAGGCAT 

SOX2 GTATCAGGAGTTGTCAAGGCAGAG TCCTAGTCTTAAAGAGGCAGCAAAC 

P53 CTGGACGACAGGCAGACTTT GCACAAACACGAACCTCAAA 

P15 

(CDKN2B) 

GCTGTTTCATCAGCAGCCTAA TTCCACAATGGAGCTAGAAGCA 

P21 GAGACTCTCAGGGTCGAAAACG GGATTAGGGCTTCCTCTTGGAG 

NFKB GACGAGCTCCGAGACAGTGAC GAGGCACCACTGGTCAGAGAC 

mTOR GCCTGGATGGCAACTACAGAA CCAGTTCAGCAAGGGGTCATA 

PIK3CA TTGGAGAACTTGGCCTTCATCT ACCCAATTAGGTCTGAGGACTGAA 

AKT1 TATCGTGTGGCAGCACGTGTA GCCGTGAACTCCTCATCAAAAT 

PTEN GGCTGCTGTTGGCTTATCAGT AAACGCGGTAATTTTCAGAGC 

SIRT1 TCGCAACTATACCCAGAACATAGACA CTGTTGCAAAGGAACCATGACA 

SIRT3 GCATCCCTGCCTCAAAGC CGTCAGCCCGAATGTCCTC 

CD38 TTCCCGCAGTTTTTCTTTGAA GCACCTCTCAGCTGCCTACTG 

CD73 GCCTGGGAGCTTACGATTTTG TAGTGCCCTGGTACTGGTCG 

NAMPT CTCCATTCTGAGCACCAAACG ATGCCATTTGCTTTTGTCTGG 

PDK1 AAACAGGGGAGCTTTGTCTGG CTGCCCATTCACATCCCTCTA 

PKM2 AAAAATGGATGCCCAGAGGAC GAGTCGGCTTCAATGGAACAA 

LDHA CCTTGAGCCAGGTGGATGTTT CACTGGATCCCAGGATGTGAC 

G6PD 

(GL6PD) 

CTACCCGAGCCCAGCTACATT TTCTGTTGGGCTGGAGTGAGT 
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6PGD 

(6PGLD) 

CCATGCCCTGTTTTACCACTG AGGTGTGAGCCCCGAAGTAAT 

TALDO1 CTGTCATCAACCTGGGAAGGA GGGCGAAGGAGAAGAGTAACG 

TKTL1 ACCTTGGGATTCTGTGTGCTG CCTAACAAGCTTTCGCTGCTG 

TNFα TGGCCAATGGCGTGGAGCTG  GTAGGAGACGGCGATGCGGC  

IL-6 GAACTCCTTCTCCACAAGCG  TTTTCTGCCAGTGCCTCTTT  

IL-1β CCACAGACCTTCCAGGAGAATG GTGCAGTTCAGTGATCGTACAGG 

IL-12β CCAAGGGGTGACGTGCGGAG  GGTGGGTCAGGTTTGATGATGTCCC  

IL-10 AAGCCTGACCACGCTTTCTA  ATGAAGTGGTTGGGGAATGA  

TGF- β CCTACATTTGGAGCCTGGAC  TGTCCTTAAATACAGCCCCC  

CD163 CCAGTCCCAAACACTGTCCT ATGCCAGTGAGCTTCCCGTTCAGC 

ALP CAGTCTGCTGTGCCCCTGC 

 

GTAGTTCTGCTCGTGGACGCC 

BMP2 TTCCCCGTGACCAGACTTTTGG GCCACTTCCACCACGAATCCAT 

Osteo-

calcin 

GGCAGCGAGGTAGTGAAGAGAC GAAAGCCGATGTGGTCAGCCAA 

Osteo-

pontin 

AGCGGAAAGCCAATGATGAGAGC ACTTTTGGGGTCTACAACCAGCAT 

Runx2 CCAACCCACGAATGCACTATC TAGTGAGTGGTGGCGGACATAC 

CEBPA AGCCTTGTTTGTACTGTATG AAAATGGTGGTTTAGCAGAG 

FABP4 ACGAGAGGATGATAAACTGGTGG GCGAACTTCAGTCCAGGTCAAC 

LPL CTGACCAAGGATAGTGGGATATAG GGTAACTGAGCGAGACTGTGTCT 

PPARG AGCCTGCGAAAGCCTTTTGGTG GGCTTCACATTCAGCAAACCTGG 

TFEB CCTGGTGGAGATTCCCTGTCT CAGGACCAGTTGCCTCAGATG 

BECN1 ACTGTGTTGCTGCTCCATGCT AACGGCAGCTCCTTAGATTTGT 

LAMP1 TCACACGTAGGACGCATGAAG GAAGCGCTCCAGACACTCATC 

MFN1 AAATGCTCAAAGGGTGCTCCT GATGCATTATCTGGCGTTGCT 

MFN2 GATGCCTGTCACCAAGGTGTT TGCTTTTTGGGAGAGGTGTTG 

FIS1 CTGGTGCGGAGCAAGTACAAT CACGGCCAGGTAGAAGACGTA 

DNM1L CGATGCACTTTTCTCCAGCAC TTCCGTTGTTTCTTGCCTCTG 

GAPDH TCACTGCCACCCAGAAGACTG GGATGACCTTGCCCACAGC 

TUB1a 

(TUBA1A) 

TGAGGAGGTTGGTGTGGATTC AAAAGCAGCACCTTTGTGACG 
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Supplementary Table S3. DEPs between P8 and P4 hASCs. For a total of 90 DEPs, 44 were up 

regulated and 46 were down regulated. 

Protein name Gene  
Molecular 
Weight 

Fold 
Change (p8 
vs p4) 

Protein AHNAK2  AHNAK2 617 kDa 8 
Keratin, type I cytoskeletal 14 KRT14 52 kDa 6.6 
Enoyl-CoA delta isomerase 2, mitochondrial  ECI2 44 kDa 5.2 
Desmin  DES 54 kDa 5.2 
Delta(3,5)-Delta(2,4)-dienoyl-CoA isomerase, mitochondrial  ECH1 36 kDa 3.8 
Fibrillin-1  FBN1 312 kDa 3.3 
Keratin, type II cytoskeletal 8  KRT8 54 kDa 3.3 
Collagen alpha-3(VI) chain  COL6A3 344 kDa 3.3 
Paraspeckle component 1  PSPC1 59 kDa 3.2 
Nuclear mitotic apparatus protein 1  NUMA1 238 kDa 3.1 
NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit 12  NDUFA12 17 kDa 3 
Probable 28S rRNA (cytosine(4447)-C(5))-methyltransferase  NOP2 89 kDa 2.9 
Acyl-coenzyme A thioesterase 9, mitochondrial  ACOT9 50 kDa 2.8 
Lysosomal protective protein  CTSA 54 kDa 2.7 
NAD-dependent malic enzyme, mitochondrial  ME2 65 kDa 2.7 
Ribosome production factor 2 homolog  RPF2 36 kDa 2.7 
Early endosome antigen 1  EEA1 162 kDa 2.7 
Pyrroline-5-carboxylate reductase 1, mitochondrial  PYCR1 33 kDa 2.7 
Ferrochelatase, mitochondrial  FECH 48 kDa 2.6 
Lon protease homolog, mitochondrial  LONP1 106 kDa 2.6 
Serine/arginine repetitive matrix protein 2  SRRM2 300 kDa 2.5 
Mitochondrial import inner membrane translocase subunit Tim13  TIMM13 11 kDa 2.5 
Monofunctional C1-tetrahydrofolate synthase, mitochondrial  MTHFD1L 106 kDa 2.5 
Heat shock protein beta-7  HSPB7 19 kDa 2.5 
Ras-related protein R-Ras2  RRAS2 23 kDa 2.4 
Mitochondrial import receptor subunit TOM40 homolog  TOMM40 38 kDa 2.4 
Semaphorin-7A  SEMA7A 75 kDa 2.4 
Transmembrane emp24 domain-containing protein 5  TMED5 26 kDa 2.4 
U1 small nuclear ribonucleoprotein C  SNRPC 17 kDa 2.4 
NADH dehydrogenase [ubiquinone] flavoprotein 1, mitochondrial  NDUFV1 51 kDa 2.3 
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Supplementary Table S4.  Upstream analysis of DEPs (P8/P4 hASCs) 
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Supplementary Table S5. DEPs between P12 and P4 hASCs. For a total of 318 DEPs, 86 were 

up regulated, and 232 were down regulated. 
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Supplementary Table S6. Upstream analysis of DEPs (P12/P4 hASCs) 
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Supplementary Table S7. DEPs overlapped between P8/P4 and P12/P4 hASCs. A total of 28 

DEPs were overlapped with P4, P8 and P12 hASCs, 19 DEPs have the same changing trend 

between P8/P4 and P12/P4 comparisons. 

 

 

 


