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1.1.5  

2 , “HSC ” ”MSC ”

HSC

, 

, 1

2 , HSC MSC 2

 

1 , HSC , p38MAPK

p38MAPK 2 , 

in vitro

, HSC

p38MAPK HSC

p38 , 

p38 , HSC p38

, Atm

, p38

 

2

 , p53 MSC

HSC

 

 

1.2  

1.2.0  

1.2.0  

 

REAGENT or RESOURCE SOURCE IDENTIFIER 

Antibodies   

Anti-mouse CD4-PerCP-Cy5.5 (clone: RM4-5) TONBO biosciences Cat# 65-0042-U100; RRID: AB_2621876 

Anti-mouse CD4-FITC (clone: RM4-5) TONBO biosciences Cat# 35-0042-U100 

Anti-mouse CD4-biotin (clone: RM4-5) BioLegend Cat# 100508; RRID: AB_312711 

Anti-mouse CD8a-PerCP-Cy5.5 (clone: 53-6.7) TONBO biosciences Cat# 65-0081-U100; RRID: AB_2621882 

Anti-mouse CD8a-PE (clone: 53-6.7) BD biosciences Cat# 553033; RRID: AB_394571 

Anti-mouse CD8a-PE-Cy7 (clone: 53-6.7) TONBO biosciences Cat# 60-0081-U100 

Anti-mouse CD8a-biotin (clone: 53-6.7) BD biosciences Cat# 553029; RRID: AB_394566 

Anti-mouse B220-PerCP-Cy5.5 (clone: RA3-6B2) TONBO biosciences Cat# 65-0452-U100; RRID: AB_2621892 

1.2.0  
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Anti-mouse B220-APC (clone: RA3-6B2) BioLegend Cat# 103212; RRID: AB_312997 

Anti-mouse B220-biotin (clone: RA3-6B2) BD biosciences Cat# 553086; RRID: AB_394615 

Anti-mouse Ter-119-PerCP-Cy5.5 (clone: TER-119) TONBO biosciences Cat# 65-5921-U100 

Anti-mouse Ter-119-biotin (clone:  TER-119) BioLegend Cat# 116204; RRID: AB_313705 

Anti-mouse Gr1-PerCP-Cy5.5 (clone: RB6-8C5) BioLegend Cat# 108428; RRID: AB_893558 

Anti-mouse Gr1-PE-Cy7 (clone: RB6-8C5) TONBO biosciences Cat# 60-5931-U100; RRID: AB_2621870 

Anti-mouse Gr1-biotin (clone:  RB6-8C5) BioLegend Cat# 108404; RRID: AB_313369 

Anti-mouse Mac1 (CD11b)-PerCP-Cy5.5 (clone: M1/70) TONBO biosciences Cat# 65-0112-U100; RRID: AB_2621885 

Anti-mouse Mac1-PE-Cy7 (clone: M1/70) TONBO biosciences Cat# 60-0112-U100; RRID: AB_2621836 

Anti-mouse Mac1-APC-Cy7 (clone:  M1/70) BioLegend Cat# 101226; RRID: AB_830642 

Anti-mouse Mac1-biotin (clone:  M1/70) BioLegend Cat# 101204; RRID: AB_312787 

Anti-mouse CD45.1-PE (clone: A20) BD biosciences Cat# 553776; RRID: AB_395044 

Anti-mouse CD45.1-Alexa700 (clone: A20) BioLegend Cat# 110724; RRID: AB_493733 

Anti-mouse CD45.2-FITC (clone: 104) BD biosciences Cat# 553772; RRID: AB_395041 

Anti-mouse CD45.2-APC (clone: 104) BD biosciences Cat# 558702 

Anti-mouse CD45-FITC (clone: 30-F11) BD biosciences Cat# 553080; RRID: AB_394609 

Anti-mouse CD45-PE (clone: 30-F11) BD biosciences Cat# 553081; RRID: AB_394611 

Anti-mouse CD45-PerCP-Cy5.5 (clone: 30-F11) BD biosciences Cat# 550994; RRID: AB_394003 

Anti-mouse CD45-APC (clone: 30-F11) BD biosciences Cat# 559864; RRID: AB_398672 

Anti-mouse CD45-APC-Cy7 (clone: 30-F11) Invitrogen Cat# 47-0451-82; RRID: AB_1548781 

Anti-mouse CD45-PE-Cy7 (clone: 30-F11) BD biosciences Cat# 552848; RRID: AB_394489 

Anti-mouse Sca-1 (Ly-6A/E)-PE-Cy7 (clone: E13-161.7) BioLegend Cat# 122514; RRID: AB_756199 

Anti-mouse Sca-1 (Ly-6A/E)-APC (clone:  E13-161.7) eBiosciences Cat# 17-5981-83; RRID: AB_469487 

Anti-mouse c-Kit (CD117)-APC-Cy7 (clone: 2B8) eBiosciences Cat# 105826; RRID: AB_1626278 

CD117 MicroBeads Mouse Miltenyi Biotec Cat# 130-091-224 

Anti-mouse CD48-FITC (clone: HM48-1) BioLegend Cat# 103404; RRID: AB_313019 

Anti-mouse CD150-PE (clone: TC15-12F12.2) BioLegend Cat# 115904; RRID: AB_313683 

Anti-mouse CD150-APC (clone: TC15-12F12.2) BioLegend Cat# 115910; RRID: AB_493460 

Anti-Flt3 (CD135)-APC (clone: A2F10) BioLegend Cat# 135310; RRID: AB_2107050 

Anti-Flt3 (CD135)-PE (clone:  A2F10) BioLegend Cat# 135306; RRID: AB_1877217 

Anti-mouse CD34-AlexaFluor700 (clone: RAM34) BD biosciences Cat# 560518; RRID: AB_1727471 

Anti-mouse CD34-FITC (clone:  RAM34) Invitrogen Cat# 11-0341-85 

Anti-mouse IL7Ra-PE (clone: SB/199) BioLegend Cat# 121112; RRID: AB_493509 

Anti-mouse CD44-PE (clone: Im7) TONBO biosciences 50-0441-U100 

Anti-mouse CD25-AlexaFluor647 (clone: PC61) BioLegend Cat# 102020; RRID: 102020 

Anti-Human Ki-67-AlexaFluor555 (clone: B56) BD biosciences Cat# 558617 

Anti-mouse p38MAPK (pT180/pY182)-PE (clone: 36/p38) BD biosciences Cat# 612565; RRID: AB_399856 

Anti-Human IgG1-PE (clone: G18-145) BD biosciences Cat# 555787; RRID: AB_396122 

Anti-mouse H2AX (pS139)-AlexaFluor488 (clone: N1-431) BD biosciences Cat# 560443; RRID: AB_1645592 
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rabbit Anti-mouse 53BP1 Novus Biologicals Cat# NB100-304 

Anti-rabbit IgG-AlexaFluor555 (clone: A-21428) Invitrogen Cat# A-21428; RRID: AB_2535849 

StreptAvidin-PE-Cy7 BD biosciences Cat# 557598; RRID: AB_10049577 

StreptAvidin-AlexaFluor700 Thermo Fisher Scientific Cat# S21383 

Fc-block (anti-mouse CD16/32) (clone: 2.4-G2) BD biosciences Cat# 553142; RRID: AB_394657 

Chemicals, Peptides, and Recombinant Proteins  

D-PBS (-)(1×) Nacalai Tesque Cat# 14249-24 

Fetal bovine serum Thermo Fisher Scientific Cat# 10270-106 

MethoCult®  StemCell technologies Cat# 03434 

NH4Cl Wako Cat# 017-02995 

NaHCO3 Wako Cat# 191-01305 

EDTA-2Na DOJINDO Cat# 345-01865 

  Cat# B108 

 Nacalai Tesque Cat# 10927-54 

Propidium iodide Invitrogen Cat# P3566 

DirectPCR Lysis Reagent (Tail) Viagen Biotech Cat# 101-T 

Proteinase K  Takara Bio Cat# 9034 

TaKaRa Ex Taq (Mg2  plus Buffer) Takara Bio Cat# RR001A 

 Nacalai Tesque Cat# 02468-95 

Tris Nacalai Tesque Cat# 35434-21 

 Nacalai Tesque Cat# 00212-85 

EtBr WAKO Cat# 315-90051 

10× Loading buffer Takara Bio Cat# SD0012 

Tamoxifen Sigma Aldrich Cat# T5648 

Hoechst Invitrogen Cat# H3570 

Mito Tracker stock solution Llife Technologies Cat# M7511 

DMSO Sigma Aldrich Cat# D8418 

2-mercapto ethanol (2-ME) 1000x Life Technologies Cat# 21985-023 

SYBR Premix ExTaq Takara Bio Cat# RR820 

 Takara Bio Cat# SD0384 

TaqMan Fast Universal PCR Master Mix (2x) Applied Biosystems Cat# 4353042 

TaqMan Gene Expression Assays Applied Biosystems Cat# 4351370 

4%-Paraformaldehyde Nacalai Tesque Cat# 09154-85 

TritonX Nacalai Tesque Cat#35501-15 

37% formalin  Cat# F0622  

Aqueous Mounting Medium, PermaFluor Thermo Fisher Scientific Cat# TA-030-FM 

4',6-diamidino-2-phenylindole staining (DAPI) Invitrogen Cat# D1306 

Critical Commercial Assays   

BD Cytofix/Cytoperm™ Fixation/Permeabilization Kit BD biosciences Cat# 554714; RRID: AB_2869008 
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1.2.1  

, CAG-CreERT2  

p38 flox/flox , Atmflox/flox  (73, 74, 76) CAG-CreERT2-p38 fl/fl Atmfl/fl

Atmfl/flp38 fl/fl  

, CAG-Cre ERT2 (-) p38 flox/flox  ( ) CAG-Cre 

(+) ERT2;p38 flox/flox  ( ) Cre

, 2 mg Tamoxifen (TAM) ( 1.2.1) 5 , 

TAM  ( 1.2.1) (HSC

) p38 4-6 TAM , 1

(HSC )

BD Pharmingen™ PE Annexin V Apoptosis Detection Kit I BD biosciences Cat# 559763; RRID: AB_2869265 

RNeasy Mini Kit QIAGEN Cat# 74104 

SuperScript® VILOTM cDNA Synthesis Kit  Thermo Fisher Scientific Cat# 11754-050 

Deposited Data   

Raw and analyzed microarray data This paper GEO: GSE168057 

Raw and analyzed microarray data This paper GEO: GSE168085 

Raw and analyzed microarray data 
GEO 
website(https://www.ncbi.
nlm.nih.gov/geo/) 

GEO: GSE151333 

Experimental Models: Organisms/Strains   

Mouse: C57BL/6JJmsSlc Japan SLC, Inc. http://www.jslc.co.jp/english/index2.htm 

Mouse: C57BL/6J-Ly5.1 CLEA Japan, Inc N/A 

Mouse: CAG-CreERT 
Hayashi S et al., Dev Biol 
(2002) (73) 

Mouse: fl/fl 
Nishida K et al., Mol Cell 
Biol. (2004) (74) 

Mouse: Atmfl/fl Zha S et al., PNAS (2011) (75) 

Software and Algorithms   

R v3.6.1  http://www.r-project.org 

clusterProfiler  
https://www.rdocumentation.org/packages/
clusterProfiler/versions/3.0.4 

DOSE  
https://www.bioconductor.org/packages/rel
ease/bioc/html/DOSE.html 

ggplot2  
https://www.rdocumentation.org/packages/
ggplot2/versions/3.4.3 

gplots  
https://www.rdocumentation.org/packages/
ggplot2/versions/3.4.3/topics/ggplot 

heatmap  
https://www.rdocumentation.org/packages/
stats/versions/3.6.2/topics/heatmap 

GSEA software Broad Institute 
http://software.broadinstitute.org/gsea/index
.jsp 

FlowJo version 10.9.0 Tree Star https://www.flowjo.com/solutions/flowjo 
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p38 1 TAM , 2

, 6-20 TAM CAG-Cre ERT2 (-) 

Atmflox/floxp38 flox/flox ( ), CAG-Cre ERT2 (+) Atmflox/flox , CAG-Cre 

ERT2 (+) Atmflox/floxp38 flox/flox ( ) ( 1.2.2)

, DNA

PCR TAM 4 , TaqMan qPCR

Atm , Genomic qPCR p38 (p38 +/+ or 

p38 , Atm+/+p38 +/+or Atm or Atm p38 ) C57BL/6-Ly5.1 (Ly5.1)

, , , 

, 12 , 12 SPF

Tamoxifen 2 mg
100 μl

1.2.1. TAM (1 )

1.2.1 CAG-CreERT2 Atm/p38 cKO
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1.2.2

1) 5 mm , 1.5 ml

2) Direct PCR 250μl Proteinase K 3.75 μl , 

3) 45

4) 15000 rpm (17400 xg) 5

5) 1.2.2 (Atm), 1.2.3 (p38 ), 1.2.4 (Cre) Mixture

6) 8 5) Mixture 20 μl

7) 8 , 1.2.3 (Atm), 1.2.4 (p38 , Cre)

PCR ( 1.2.5 )

8) 2% ( 1.2.6) , PCR 10 × Loading buffer 2 μl

, 100 V 15

9) UV , PCR , 

(μl)
10×ExTaq Buffer 2

2.5 mM dNTP Mix 2
50 μM primer (Atm Forward) 0.2
50 μM primer (Atm Reverse) 0.2

Template DNA 1
5U/μl ExTaq 0.2

DW 14.4
Total 20

1.2.2 

1.2.2. Atm PCR Mixture 
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(μl)
10×ExTaq Buffer 2

2.5 mM dNTP Mix 1.6
50 μM primer (p38 Forward) 0.08
50 μM primer (p38 Reverse) 0.08

Template DNA 0.5
5U/μl ExTaq 0.1

DW 15.64
Total 20 

(μl)
10×ExTaq Buffer 2

2.5 mM dNTP Mix 1.6
50 μM primer (Cre Forward) 0.08
50 μM primer (Cre Reverse) 0.08
50 μM primer (Ctrl Forward) 0.08
50 μM primer (Ctrl Forward) 0.08

Template DNA 0.5
5U/μl ExTaq 0.1

DW 15.48
Total 20 

Atm ATM BAC7 GCCCATCCCGTCCACAATATCTCTGC
ATM BAC13 CATCCTTTAATGTGCCTCCCTTCGCC

p38 p38 A3 ATGAGATGCAGTACCCTTGGAGACCAGAAG
P38 A4 AGCCAGGGCTATACAGAGAAAAACCCTGTG

Cre CREi 22S CCTGGAAAATGCTTCTGTCCGTTTGC
CRE 775AS GAGTTGATAGCTGGCTGGTGGCAGATG
oIMR7338 CTAGGCCACAGAATTGAAAGATCT
oIMR7339 GTAGGTGGAAATTCTAGCATCATCC

1.2.3. p38 PCR Mixture 

1.2.4. Cre PCR Mixture 

1.2.5. 

1.2.3. PCR (Atm)
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1.2.3

1) 0.45 μl Fetal Bovine Serum (FBS) 2%

(2% FBS-PBS ; 1.2.7) 10 cm petri dish 20 ml

2) , 21 10 ml FBS-PBS

, 50 ml

3) 5

4) , Lysis buffer ( 1.2.8) 5 ml , 5

5) FBS-PBS 10 ml , 1800 rpm (680 xg), 5

6) , FBS-PBS 10 ml , 40 μm

7) 5

8) , 

9) Fc , Fc-block (anti-mouse CD16/32) 2 

μl/ 5

10) , Anti-CD117 micro beads 20 μl/ , 15

( , 11) - 14) )

11) 1 ml FBS-PBS 5

(μl)
6 g

Tris 1.452 g
EDTA-2Na 0.1395 g

0.3426 ml
MilliQ 299.7 ml
EtBr 15 μl

1.2.4. PCR (p38 , Cre)

1.2.6. (300 ml)
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12) 11)  

13) 2 ml FBS-PBS , autoMACS Pro Separator (Miltenyi Biotec) posseld2

CD117 positive fraction  

14) Positive fraction 5  

15) ( 1.2.9-1.2.12) 2 μl/ , 30  

16) 1 ml FBS-PBS 5  

17) 16)  

18) 1/1000 Propidium iodide FBS-PBS (PI FCS-PBS) 350 μl

, 0.45 μm  

19)  SORP BDFACS Aria (3 laser) (BD, 657590)  

  

 
 
 

 

 
 
 
 

 

 
 
 
 
 

 

 
 
 
 
 

  (μl) 
D-PBS (-)(1×) 500 ml 

FBS 10 ml 

  (μl) 
NH4Cl 4 g 

NaHCO3 420.05 mg 
EDTA-2Na 186.12 mg 

DW 500 ml 

  (μl) 
Lineage(CD4/CD8/Mac-1/B220/Ter119/Gr-1 6 )-PerCP-Cy5.5 1ul  

Sca-1- PE-Cy7 1 μl 
c-Kit-APC-Cy7 1 μl 

Flt3-APC 1 μl 
CD48-FITC 1 μl 
CD150-PE 1 μl 

  (μl) 
Lineage(CD4/CD8/Mac-1/B220/Ter119/Gr-1 6 )-PerCP-Cy5.5 1ul  

Sca-1- PE-Cy7 1 μl 
c-Kit-APC-Cy7 1 μl 

Flt3-APC 1 μl 
CD34-FITC 1 μl 

1.2.7. 2% FBS-PBS  

1.2.8.Lysis buffer  (500 ml) 

1.2.9. -1 

1.2.10. -2 
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1.2.4 ,  

1) ,  

2) 40 μm 5 ml FBS-PBS , 50 ml

 

3) , Lysis buffer 5 ml 5  

4) FBS-PBS 10 ml 5  

5) , FBS-PBS 10 ml , 40 μm

 

6) 5  

7) ,  

8) Fc-block (anti-mouse CD16/32) 2 μl/ 5  

9) ( 1.2.9-1.2.13) 2 μl/ , 30  

10) 1 ml FBS-PBS 5  

11) 10)  

12) PI FBS-PBS 350 μl , 0.45 μm  

13) SORP BDFACS Aria  

 

 

 

 

 

  (μl) 
Lineage(CD4/CD8/Mac-1/B220/Ter119/Gr-1 6 )-PerCP-Cy5.5 1ul  

Sca-1- PE-Cy7 1 μl 
c-Kit-APC-Cy7 1 μl 

CD34-FITC 1 μl 
Flt3-APC 1 μl 
IL7R -PE 1 μl 

  (μl) 
CD4-PerCP-Cy5.5 1ul  

CD8-PE 1 μl 
B220-APC 1 μl 

Gr-1-PE-Cy7 1 μl 
Mac-1-APC-Cy7 1 μl 

  (μl) 
CD4-FITC 1ul  

CD8-PE-Cy7 1 μl 
CD44-PE 1 μl 

CD25-AlexaFluor647 1 μl 

1.2.11.  

1.2.12.  

1.2.13.  
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1.2.5  

1) 40-60 μl , 

20 μl 180 μl 0.1% -PBS ( 1.2.14)  

2)  ( , MEK-6558)  

3) (1) 1 ml 0.1% -PBS  

4) 3  

5) , ( 1.2.15) 1 ml 45

 

6) 3  

7) , NH4Cl  ( 1.2.16) 1 ml , 

5-10  

8) 5  

9) , Fc-block (anti-mouse CD16/32) 0.3 μl/ 5

 

10) ( 1.2.12) 0.3 μl/ , 15  

11) 1 ml FBS-PBS 5  

12) PI FBS-PBS 250 μl , 0.45 μm  

13) SORP BDFACS Aria  

14) PI FBS-PBS 350 μl , 0.45 μm

, MACSQuant Analyzer (Miltenyi Biotec)  

 

 
 

 

 
 

 

 
 
 
1.2.6 fluorescence-activated cell sorting(FACS) /  

CD4 (Clone: RM4-5), CD8a (Clone: 53-6.72) B220 (Clone: RA3-6B2), TER-119 (Clone: 

TER119), Gr-1 (Clone: RB6-8C5), Mac-1 (Clone: M1/70) mAb lineage 

  (μl) 
D-PBS (-)(1×) 10 ml 

 10 μl 

  (μl) 
D-PBS (-)(1×) 500 ml 

 6 g 

     
NH4Cl 4.55 g Wako 017-02995 

DW 500 ml - - 

1.2.14. 0.1% -PBS  (10 ml) 

1.2.15.  

1.2.16. NH4Cl  
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marker (Lin)  

: LSKs, Lin-Sca-1+c-Kit+; LT-HSCs, Lin-Sca-1+c-

Kit+CD34-Flt3- Lin-Sca-1+c-Kit+Flt3-CD48-CD150+; ST-HSCs, Lin-Sca-1+c-

Kit+CD34+Flt3- Lin-Sca-1+c-Kit+Flt3-CD48-CD150-; MPPs, Lin-Sca-1+c-Kit+CD34+Flt3+; 

MPP2 cells, Lin-Sca-1+c-Kit+Flt3-CD48+CD150+; MPP3 cells, Lin-Sca-1+c-Kit+Flt3-CD48-

CD150-; MPP4 cells, Lin-Sca-1+c-Kit+Flt3+; Common lymphoid progenitors (CLPs), Lin-Sca-

1lowc-KitlowIL-7R+Flt3+; Megakaryocyte/erythroid progenitors (MEPs), Lin-Sca-1lowc-

KitlowCD16/32-CD34+; Granulocyte/macrophage progenitors (GMPs), Lin-Sca-1lowc-

KitlowCD16/32+CD34+; Common myeloid progenitors (CMPs), Lin-Sca-1lowc-KitlowCD16/32-

CD34- : CD4 T cells, CD4+; CD8 T cells, CD8+; 

DN cells, CD4-CD8-; DP cells, CD4+CD8+; B cells, B220+; Granulocytes, Gr-1highMac-1high; 

Macrophages, Gr-1dimMac-1high  

SORP FACS Aria IIu FACS Aria IIIu  (BD 

Biosciences) FlowJo TreeStar  

 

1.2.7  

1) (C57BL/6-Ly5.2 ) 500 LT-HSC (Lin-Sca-1+c-Kit+Flt3-CD48-CD150+ 

cell) FACS  (1.2.6 )  

2) C57BL/6-Ly5.1 4×105  (Bone marrow mononuclear cells; 

BMMNCs)  

3) SF-O3 medium ( , 410043352) 200 μl 1), 2) (500

LT-HSC s+ 4×105 BMMNCs/ SF-O3 medium/ )  

4) (C57BL/6-Ly5.1 ) 9.5 Gy  

5) 4)  27 , 3)  

( )  

6) , 1 4 ,

 ( ) ( 1.2.8 ) 

7) 4 , , (

1.2.8 ) 

8) BMMNCs , 1×106 /200 μl SF-O3

 

9) 4), 5) 8)  ( )  

10) ,  

 

1.2.8  

1) 1.2.7  
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2) 1.2.3 9) , 1.2.5 9)  

3) ( 1.2.17, 1,2,18 ) 2 μl/ , 

30  

4) 1 ml FBS-PBS 5  

5) 1/1000 Propidium iodide FBS-PBS (PI FCS-PBS) 350 μl

, 0.45 μm  

6) SORP BDFACS Aria (3 laser) (BD, 657590)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.2.9 (CFU-C/HPP-CFC ) 

1) 500 LSK (Lin-Sca-1+c-Kit+ cell) FACS (1.2.6 )  

2) MethoCult®  (StemCell technologies, 03434)3 ml 1) LSK , 20

 

3) 35 mm 1 ml  

4) 7 , 14 ,  

 

1.2.10 (Ki67 ) 

1) 1.2.3 6)  

2) 1.4×107  

3) 7 , 6 anti-CD45 ( 1.2.19)

1 μl ( 8) )  

  (μl) 
Lineage(CD4/CD8/Mac-1/B220/Ter119/Gr-1 6 )-PerCP-Cy5.5 1 ul  

Ly5.1- AlexaFluor700 1 μl 
Ly5.2-APC 1 ul 

Sca-1- PE-Cy7 1 μl 
c-Kit-APC-Cy7 1 μl 

Flt3-APC 1 μl 
CD48-FITC 1 μl 
CD150-PE 1 μl 

  (μl) 
Ly5.1-PE 1 μl 

Ly5.2-FITC 1 ul 
CD4-PerCP-Cy5.5 1 μl 
CD8- PerCP-Cy5.5 1 μl 

B220-APC 1 μl 
Gr-1-PE-Cy7 1 μl 

Mac-1-PE-Cy7 1 μl 

1.2.17.  

1.2.18.  
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4) 2) 5  

5) ,  

6) Fc-block (anti-mouse CD16/32) 1 μl/ , 10  

7) ( 1.2.20) 1 μl/ , 30  

8) 1 ml FBS-PBS 5  

9) 8)  

10) BD Cytofix/Cytoperm 250 μl , 20  

11) MilliQ 10 BD Wash buffer 1 ml 5

 

12) 11)  ( 16) )  

13) Anti-Ki67 Alexa555 10 μl/ , , 30  

14) 13) 2  

15) 1/1000 Hoecst33342 PBS (1000×Hoechst-PBS)350 μl , FACS

 

16) PBS 350 μl FACS  

 

 

 
 
 
 

 

 
 
 
 
 
 

1.2.11 p38MAPK  

1) 1.2.3 6)  

2) 8×106  

3) 7 , 6 anti-CD45 ( 1.2.11)

1 μl ( 14) )  

4) 2) 5  

  (μl) 
(1) No staining - 
(2) CD45-FITC 1 μl 
(3) CD45-PE 1 μl 
(4) CD45-PerCP-Cy5.5 1 μl 
(5) CD45-APC 1 μl 
(6) CD45-APC-Cy7 1 μl 
(7) Cd45-PE-Cy7 1 μl 

  (μl) 
Lineage(CD4/CD8/Mac-1/B220/Ter119/Gr-1 6 )-PerCP-Cy5.5 1ul  

Sca-1- PE-Cy7 1 μl 
c-Kit-APC-Cy7 1 μl 

Flt3-APC 1 μl 
CD150-APC 1 μl 
CD48-FITC 1 μl 

1.2.19.  

1.2.20. Ki-67  
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5) ,  

6) Fc-block (anti-mouse CD16/32) 1 μl/ , 10  

7) 1 μl/ 1  ( 1.2.21) , 15  

8) 1 ml FBS-PBS 5  

9)  8)  

10)  1 μl/ 2  ( 1.2.21) , 30  

11)  1 ml FBS-PBS 5  

12)  , 500μl PBS  

13)  10  

14)  500μl 4% PFA (nacalai tesque, 0915485) , 10

 

15)  1500 rpm (190 xg), 5  

16)  1 ml 90%  ( 1.2.22) , 30  

17)  1500 rpm, 5  

18)  , 1ml PBS , 1500 rpm (190 xg), 5  (

 21) )  

19)  2 , 100μl PBS  

20)  2 1 IgG1-PE(Isotype control) , 1 anti-p38MAPK 

(pT180/pY182)-PE 10μl , 30  

21)  1ml PBS , 1500 rpm (190 xg), 5  

22) PI FBS-PBS 350 μl FACS

PBS(PI ) 350 μl FACS anti-p38MAPK (pT180/pY182)-PE

(Mean fluorescence intensity; MFI) IgG1-PE(Isotype control) MFI

 

 

 
 
 
 
 

 

 
 

  (μl) 
Lineage(CD4/CD8/Mac-1/B220/Ter119/Gr-1 6 )-biotin 1ul  

 1 μl 
Sca-1-PE-Cy7 1 μl 

c-Kit-APC-Cy7 1 μl 
CD34-FITC 1 μl 
Flt3-APC 1 μl 

SA-AlexaFluor700 1 μl 

  (ml)  
MtOH 45  
MilliQ 5 

1.2.21. p38MAPK  

1.2.22. 90%  
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1.2.12 (ROS)  

1) 1.2.3 9)  

2) ( 1.2.23) 1 μl/ , 30  

3) 1 ml FBS-PBS 5  

4) 3)  

5) 1 ml 2% FBS-DMEM( 1.2.24)  

6) , 10  

7) Mito Tracker stock solution 1 μl + DMSO 1250 μl , 30

 

8) 1 ml FBS-PBS 5  

9) 8)  

10) PI FBS-PBS 350 μl FACS  

 

 

 

 

 

 

 

 
 
 

1.2.13  

1) 1.2.3 9)  

2) ( 1.2.25) 1 μl/ , 30  

3) 1 ml FBS-PBS 5  

4) 3)  

5) 200 μl Binding buffer , AnnexineV-PE 10 μl , 15

 

6) 700μl Binding buffer 5  

7) , 1/500 Propidium iodide Binding buffer 500 μl

FACS  

 

  (μl) 
Lineage(CD4/CD8/Mac-1/B220/Ter119/Gr-1 6 )-PerCP-Cy5.5 1ul  

Sca-1-PE-Cy7 1 μl 
c-Kit-APC-Cy7 1 μl 

CD34-FITC 1 μl 
Flt3-APC 1 μl 

  (μl) 
DMEM 500 ml 

FBS 10 ml 

1.2.23. ROS  

1.2.24. 2% FBS-DMEM  
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1.2.14 mRNA cDNA

RNeasy mini Kit (QIAGEN) manufacture’s protocol

1) FACS 5

2) , 2-mercaptoethanol 3.5 μl + RLT buffer 350μl

3) 70% 350μl

4) RNeasy

5) 10000rpm (7700 xg), , 1

6) 700μl RW1 buffer , 10000rpm (7700 xg), , 1

7)

8) 500μl RPE buffer , 10000rpm (7700 xg), , 1

9) , 500μl RPE buffer , 

10000rpm (7700 xg), , 2

10) 1.5ml , 14.5μl RNase free water , 1

11) 10000rpm (7700 xg), , 2

12) 14μl RNA , SuperScript® VILOTM cDNA Synthesis Kit 5× VILO 

Reaction Mix 4 μl + 10×SuperScript Enzyme Mix 2 μl 8

13) 8 , 1.2.5

14) PCR cDNA

(μl)
Lineage(CD4/CD8/Mac-1/B220/Ter119/Gr-1 6 )-PerCP-Cy5.5 1ul

Sca-1-PE-Cy7 1 μl
c-Kit-APC-Cy7 1 μl

CD48-FITC 1 μl
CD150-APC 1 μl

1.2.25. AnnexinV

1.2.5
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1.2.15 PCR 

1) p38 , p16Ink4a, p19Arf SYBR Green mixture ( 1.2.26), Atm

Taqman mixture ( 1.2.27) (

1.2.28-1.2.29 )  

2) cDNA 1 μl ,  

3) 96 well , 20 μl×4 well  

4) 7500 Fast Real-Time PCR (Applied Biosystems, 4362143) PCR  ( 1.2.6)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  (μl) 
SYBR Premix ExTaq 45 

Forward primer 0.36 
Reverse primer 0.36 

 1.8 
D2W 41.48 

  (μl) 
TaqMan Fast Universal PCR Master Mix (2x) 45 

TaqMan Gene Expression Assays 4.5 
D2W 39.5 

 1.8 

    
-actin Forward CATCCGTAAAGACCTCTATGCCAAC 

Reverse ATGGAGCCACCGATCCACA 
p38 exon2 Forward GGTCAGCAGCCTCGATGCAC 

Reverse GACTGCCCCTCCAACCGTTC 
p38 exon12 Forward GCCCTCCCTCACTTCAGGAG 

Reverse TGTGCTCGGCACTGGAGACC 
p16Ink4a Forward GCCCAACGCCCCGAACTCTTTC 

Reverse GCGACGTTCCCAGCGGTACACA 
p19Arf Forward TGGGTCGCAGGTTCTTGGTCAC 

Reverse CGACGTTCCCAGCGGTACACAA 

   
-actin Applied Biosystems 18996809 

Atm-T Applied Biosystems G84309 

1.2.26. SYBR Green PCR mixture  

1.2.27. Taqman PCR mixture  

1.2.28. SYBR Green PCR  

1.2.29. TaqMan Gene Expression Assays  
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1.2.16

1) 1.2.7 Atm , Atm p38 Atm+/+p38 +/+ BMMNCs 5×105

(9.5Gy) C57BL/6-Ly5.1

2) 1 , 1.2.8 FACS SF-O3 

medium

3) 10

4) , PBS 50 l

5) FBS 50 l Thermo Scientific Cytospin4(Thermo Scientific, A78300003)

6) , 

7) 4%-Paraformaldehyde (PFA) 100 l 5

8) 4%-PFA , PBS 200 l 5

9) 8)

10) 0.3% TritonX-PBS ( 1.2.30) l 5

11) 0.3% TritonX-PBS , PBS 200 l 5

12) 11)

13) 1% BSA-PBS ( 1.2.31) l 30

14) 1 ( 1.2.32) 

15) , PBS 200 l 5

16) 15)

17) 2 ( 1.2.32)

18) , PBS 200 l 5

19) 18)

20) 3.7% formalin ( 1.2.33) 5

21) 3.7% formalin , PBS 200 l 5

22) 21)

1.2.6. PCR
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23) Aqueous Mounting Medium, PermaFluor (MPF) l  

24) FV-1000 Olympus  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.2.17 RNA  

1) 1.2.3, 1.2.6 , 2 p38 p38 +/+ , 10-25

Atm , Atm p38 Atm+/+p38 +/+ HSC , SF-O3 Iwai; 

1303  

2) 5  

3) , 2-mercaptoethanol 0.75μl + RLT buffer 75μl  

4) cDNA , , DNA Chip Research, Inc. , 

8×60K , 

 

5) GSEA v2.0.13 software (Broad Institute)

 

 

 

  (μl) 
D-PBS (-)(1×) 10 ml 

TritonX 300 l 

  (μl) 
D-PBS (-)(1×) 10 ml 

BSA 100 mg 

  (μl) 
0.1% BSA-PBS 200 ul 

Anti-mouse H2AX (pS139)-AlexaFluor488 10 ul 
rabbit Anti-mouse 53BP1 1 μl 

  (μl) 
0.1% BSA-PBS 200 ul 

Anti-rabbit IgG-AlexaFluor555 (clone: A-21428) 1 μl 
4',6-diamidino-2-phenylindole staining (DAPI) 0.2 μl 

  (μl) 
D2W 9 ml 

37% formalin 1 ml 

1.2.30. 0.3% TritonX-PBS  (10 ml) 

1.2.31. 1% BSA-PBS  (10 ml) 

1.2.32.  

1.2.33. 3.7% formalin  (10 ml) 
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1.2.18 1 2 RNA-seq

 

(10 ), (1 ), (2 ) HSC RNA-sequence data Gene 

Expression Omnibus (https://www.ncbi.nlm.nih.gov/geo/)

(GSE151333) GSEA v2.0.13 software R software

PCA , 

1.2.0  

 

1.2.19 GSEA 

, GSEA v2.0.13 software (Broad Institute)

, GSEA (http://www.broadinstitute.org/gsea/index.jsp)

Molecular Signatures Database v4.0 (MSigDB)  ( 1.2.34

), (An epigenetic component of hematopoietic stem cell aging amenable to 

reprogramming into a young state - PubMed (nih.gov))  ( 1.2.35

)  

GSEA Normalized Enrichment Score (NES), Normalized p value False Discovery 

Rate (FDR) 3 , p value 0.05 FDR 0.25

Enrichment score (ES) , , 

(gene set) , 

gene set GSEA

1.2.7  , gene set

ES , 

gene set ES ES

gene set ( gene set )

, ( gene set

)  

 

 

Gene set name MSigDB gene set name 
p38 pathway PID_P38ALPHABETAPATHWAY 

TNF signaling via p38 partial PHONG_TNF_RESPONSE_VIA_P38_PARTIAL 
TNF signaling via p38 complete PHONG_TNF_RESPONSE_VIA_P38_COMPLETE 

IFN response HALLMARK_INTERFERON_GAMMA_RESPONSE 
TNF signaling via NF B HALLMARK_TNFA_SIGNALING_VIA_NFKB 

p38MAPK pathway BIOCARTA_P38MAPK_PATHWAY 
Inflammatory response HALLMARK_INFLAMMATORY_RESPONSE 

HSC marker GEORGANTAS_HSC_MARKES 
lineage marker KEGG_HEMATOPOIETIC_CELL_LINEAGE 

PI3K/Akt/mTOR pathway HALLMARK_PI3K_AKT_MTOR_SIGNALING 

1.2.34. MSigDB  
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Aged HSC marker 

      

LPL PFN2 AK1 ETL4 CD38 CCBE1 PLCL1 DOCK9 SYNM 
NPDC1 IRF6 EPHX1 NUDT10 FAT1 CLU MM.173892.1 TM4SF1 CCNJ 
SCD1 HOXB5 ITGA6 PAWR JAG1 ALCAM PRKD1 NDRG1 TBC1D8 
SGK1 MATN4 MT1 MARVELD2 1810010M01RIK ALCAM PBX3 XDH MM.23733.1 
PERP ASPA AMPD3 RDH10 YPEL2 IL22RA2 NEO1 NT5C3 PGR 
TNFAIP2 RIPK4 CTSW PLK2 D330050I23RIK CLU MAF STXBP4 RORB 
LAMP2 OXR1 GDA CDCP1 GALNT6 MM.100454.1 MM.29940.1 CYTIP SOCS3 
LAMP2 OXR1 BMP4 4833442J19RIK VLDLR MM.178542.1 WWP2 LSR MAF 
GSTM2 CLU PTPRK RPS6KA3 ABCA5 FAM63A PRNP RBM19 NDRG1 
ALDH1A1 OSMR PTPRK MYOF TMEM56 TNFAIP2 MMP14 GHR SOCS3 
LUZP1 FADS3 TACSTD2 SULT1A1 C530008M17RIK D14ERTD668E DHRS3 MEF2C DDR1 
EPCAM ABCB1B UHRF1BP1L CBR3 NTF3 FHDC1 THBD PIK3R1 HOXB3 
SDPR RHOJ ISCA1 COL16A1 EXOC6B KLHL4  FYB CLEC1A 
SDPR MAB21L2 TMEM49 TMEM158 NEO1 DSG2 CXCR4 ETS1 GM106 
TBC1D8 ST3GAL1 ZFP503 2310043N10RIK MM.26478.1 PGR PLEK PRCP PDGFD 
H2-EB1 CAMKK1 RBPMS2 SFRP1 MM.80474.1 TNFSF10 PLEK LOC100048391 EYA4 
CABC1 CASP12 PTGER4 DHX40 ID2 MM.44969.1 OCLN NCKAP1 NRG4 
PIM2 CTSE GCA 1810010M01RIK KCNK6 MM.59574.1 CD302 CITED2 GM106 
EHD3 PCLO CALML4 2610305D13RIK VWF GPR64 PLSCR2 AMOTL2 GPR183 
SLC7A7 RGNEF 2310001H12RIK LDHD EPAS1 CYP11A1 EZH1 IL6ST GPR4 
TGM2 NUPR1 FFAR2 P2RY5 CTTNBP2NL SELP ST3GAL6 ALDH5A1 PLSCR1 
CYB561 PRTN3 FFAR2 LOC676870 LOC664787 MM.183314.1 ART4 PLSCR1 MM.96562.1 
FAP ABCB1A LOC100044677 D14ERTD449E CYTIP MM.17891.1 MUC1 TDRD9 MM.218392.1 
SDC4 SAT1 BMPR1A SNX24 MM.170971.1 CAPS2 MAPK12 MLLT3 SEMA7A 
ARHGAP6 SELP MYLK DUSP4 GDA ACPP CASP12 GADD45G TNFSF10 
WWTR1 MYOM1 PIK3R1 EXOC3L2 GDA PCDHB16 KDR 6430527G18RIK CYP26B1 
CLDN5 CLEC7A SLAMF1 MT2 FAM169A VLDLR JAM2 GPR146 CLEC1A 
CLCA1 NDRG1 ENPP5 4930506M07RIK EG665317 MM.38121.1 CARD10 ARHGAP29 CD55 
CLCA1 PTGER4 TGM2 C030044C12RIK VLDLR MM.216619.1 KLRB1C CLU CLCA1 
FHL1 TRPC1 GEM NXNL2 ENSMUSG00000072769 EYA4 ABCA4 YPEL2 B3GALT1 
VLDLR PBX3 PROS1 EVC2 RAB40B SBF2 DSG2 RARB MM.22185.1 
GHR JUB ALCAM PLSCR1 JAM2 SDPR PKP2 CPD 
C4B S100A6 ALCAM TMTC2 AGTR1A MM.151150.1 SELP KIF21A 
BHLHE40 CYSLTR2 FAM63A 1810073O08RIK NAV1 CYTIP SERPINB6A PPP1R16B 
GPLD1 NRG4 SLC6A15 CPNE8 MMRN1 TC2N PTGER3 PAK6 
ADCY6 BCL6 ETS1 1700112E06RIK A730089K16RIK GPRIN2 EPDR1 ITGB3 
BCL3 PIP5K1B TRIM47 CPNE8 GPR183 DOCK9 PIP5K1B DENND5B 

 

RAMP2 CSPRS OBFC2A MM.41243.1 HOMER1 RUNX1T1 ARHGAP5 A230083H22RIK 
 

Young HSC marker 
  

 
 

 
 

MGST1 NCF4 4933411K20RIK LOC632297 LHFPL2 SH2D5 EBI3 RBM5 MM.196322.1 
MCM5 SOCS2 CEP110 TRP53 FAM105A SGOL1 GATA1 CFP CERKL 
MPO KLF1 NEDD4 ANTXR2 KNTC1 RASSF4 PLXDC2 CENPN NCF1 
SATB1 MS4A6B CCNE2 HNF4A ARHGAP15 MM.123404.1 CHEK1 MM.220934.1 A030001D16RIK 
CD34 PLXDC2 CTR9 EIF4G1 SH2D5 RNF220 BAZ1B PPIL5 PANK1 
MELK EPB4.1L3 SYNCRIP POLE2 ARHGAP30 E330016A19RIK NRK CEP350 CREBBP 
LIG1 ANXA2 HMGA2 ARMCX4 MLEC JAKMIP1 MS4A6C HBA-A1 UBTF 
CDCA5 2810417H13RIK DNMT3A MM.214467.1 MCM5 MM.150139.1 RP23-357I14.1 ATIC KIF23 
CDC6 CD37 RAD54L TPX2 COTL1 MTAP7 CHEK1 DSCC1 MM.196322.1 
TIMELESS MTHFD2 PNN HBA-A1 CDCA8 RHOBTB3 SYNCRIP 4933439C20RIK CERKL 
PTGR1 TNFRSF13C COL4A2 CDCA8 RGS7BP AP1S2 HMGA2 PHLDB2 
RAD51AP1 SELL CDT1 NCAPG CDCA2 VCAM1 RNPEP LGALS1 
KPNA4 CDKN1B TM6SF1 SYCE2 ZFP800 HIF1A PLAC8 KCTD14 
IL15 ECT2 TXNRD1 4933439C20RIK FAM46A CDCA5 EFCAB7 CSF2RB 
SYK LGALS1 P2RY14 RNASE6 CASC5 DNMT3B COL4A1 MM.157900.2 
CENPK BMPR2 MAP2K7 LOC433762 CHEK1 PRIM1 CAMK1D MM.220934.3 
DNMT3B SLC22A3 LST1 ESPL1 MMP2 SOCS2 PLK4 KIF23 

 

1.2.35. HSC  
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1.2.20

, ±SD ( )

, 2 two-tailed Student's t test , Tukey's 

multiple comparison test. (*p 0.05, **p 0.01, **p 0.001 , ns p

0.05 )

1.3

1.3.1 p38 HSC

p38 HSC , HSC

C57BL6J

2 (23-24 ) , , ~ , 8

, 1 , 2 HSC , HSC

(CD41, P-selectin) (77, 78) , HSC

CD41, P-selectin 8 1 , 1

2 ( 1.3.1 A-C) , HSC

, 

HSC ( ~1 ) (1

~2 ) p38 , CAG-CreERT2: p38 flox/flox

(p38 fl/fl) p38

, HSC p38 , 6

Tamoxifen (TAM) (i.p.) p38 , 1 p38 +/+

p38 / ( 1.3.1 A) (FACS)

1.2.7. GSEA
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, p38 / p38 +/+ B

,  ( 1.3.1 B) , , 

p38 +/+ p38 /

 ( 1.3.1 C 1.3.1 D-E) p38 / HSC

, , (

)

( 1.3.1 D E), 4 p38 / HSC

 ( 1.3.1 F) , p38 / HSC

, 

T  ( 1.3.1 G-I) , p38 / HSC

 ( 1.3.1 J) , 

p38 HSC , HSC
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1.3.1. 1 , p38 HSC  

(A) 1 p38  

(B-C) 1 p38 +/+ p38 (PB) (B) (BM)

(C) (B, B220+ B cells; CD4, CD4+ T cells; CD8, CD8+ T cells; Gra, Mac-1+Gr-1hi Granulocytes; 

Mac, Mac-1+Gr-1lo Macrophages; CLP, common lymphoid progenitors (Lin-IL7R +Flt3+Sca-1/c-Kitlo); MEP, 

megakaryocyte-erythroid progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32-CD34-); GMPs, granulocyte-monocyte 

progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32+CD34+); CMPs, common myeloid progenitors (Lin-IL7R -Sca-1-c-

Kit+CD16/32-CD34+); MPPs, Multipotent progenitors (CD34+Flt3+LSKs); ST-HSCs, CD34+Flt3-LSKs; LT-HSCs, 

CD34-Flt3-LSKs) (means ± SD, n = 5)  

(D-E) 1 p38 +/+ p38 HSC PB (D)

(E) (means ± SD, n = 6)  

(F) 1 p38 +/+ p38 HSC 4  (PI-, 

propidium iodide negative live cells; Lin+, lineage marker positive cells; LKS-, Lin-c-Kit+Sca-1- cells; MPPs, 

Multipotent progenitors (CD34+Flt3+LSKs); ST-HSCs, CD34+Flt3-LSKs; LT-HSCs, CD34-Flt3-LSKs) (means ± 

SD, n = 5-6)  

(G-H) 1 p38 +/+ p38 HSC PB (G)

(H) (means ± SD, n = 4-6)  

(I) 1 p38 +/+ p38 HSC 4  (means 

± SD, n = 5-6)  

(J) 1 p38 +/+ p38 HSC PB  (means ± SD, n 

= 4-6)  

1 *p < 0.05 **p < 0.01  

(Sorimachi et al., J Biol Chem. 2021 ) 
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1.3.1. 

(A) (8 ), 1 2 LT-HSCs (CD48+CD150+LSKs) ( ) LT-HSC

CD41, P-selectin ( ) FACS plot

(B-C) (8 ), 1 2 (MPP3, CD48+CD150-

LSK; MPP2, CD48+CD150+LSK; ST-HSCs, CD48-CD150-LSK; LT-HSCs, CD48-CD150+LSK) (B) LT-

HSC CD41, P-selectin (C) Mean fluorescence Intensity (MFI) FACS

(mean±SD, n=2-8)

(D-E) 1 p38 +/+ p38 (D) (E)

(CLP, common lymphoid progenitors (Lin-IL7R +Flt3+Sca-1/c-Kitlo); MEP, megakaryocyte-erythroid 

progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32-CD34-); GMPs, granulocyte-monocyte progenitors (Lin-IL7R -Sca-

1-c-Kit+CD16/32+CD34+); CMPs, common myeloid progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32-CD34+); MPPs, 

Multipotent progenitors (CD34+Flt3+LSKs); ST-HSCs, CD34+Flt3-LSKs; LT-HSCs, CD34-Flt3-LSKs; DN, CD4-

CD8- cells; DP, CD4+CD8+ cells; CD4 SP, CD4+ cells; CD8, CD8+ cells) (means ± SD, n = 5)

1 **p < 0.01

(Sorimachi et al., J Biol Chem. 2021 )
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1.3.2 p38 HSC  

, HSC p38 ,  (10

) p38 fl/fl TAM , 2 , 

2 ( 1.3.2 A) , 1  (50-60 ) TAM

, 2 p38 +/+ p38 /  

( 1.3.2 A) DNA qPCR , 2 p38 / p38

70%  ( 1.3.2 B) 2 p38 +/+ p38 /

, , , , 

/  ( 1.3.2 B-C 1.3.2 

C-I) HSC , 

, 

 ( 1.3.2D-F 1.3.2 J) , 2 , 

, p38 / HSC

 ( 1.3.2 G-H 1.3.2 K) , p38 / HSC

MPP LKS- , HSC

, p38  (

1.3.2 I) , HSC

(CDK) p16Ink4a p19Arf qPCR

(67), , p38

 ( 1.3.2 L M) , HSC

, p38 HSC  
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1.3.2. 2 p38 HSC  

(A) 2 p38  

(B-C) 2 p38 +/+ p38 (PB) (B) (BM)

(C) (B, B220+ B cells; CD4, CD4+ T cells; CD8, CD8+ T cells; Gra, Mac-1+Gr-1hi Granulocytes; 

Mac, Mac-1+Gr-1lo Macrophages; CLP, common lymphoid progenitors (Lin-IL7R +Flt3+Sca-1/c-Kitlo); MEP, 

megakaryocyte-erythroid progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32-CD34-); GMPs, granulocyte-monocyte 

progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32+CD34+); CMPs, common myeloid progenitors (Lin-IL7R -Sca-1-c-

Kit+CD16/32-CD34+); MPPs, Multipotent progenitors (CD34+Flt3+LSKs); ST-HSCs, CD34+Flt3-LSKs; LT-HSCs, 

CD34-Flt3-LSKs) (means ± SD, n = 3-5)  

(D-E) 2 p38 +/+ p38 HSC PB (D)

(E) (means ± SD, n = 7-8)  

(F) 2 p38 +/+ p38 HSC 4  (PI-, 

propidium iodide negative live cells; Lin+, lineage marker positive cells; LKS-, Lin-c-Kit+Sca-1- cells; MPPs, 

Multipotent progenitors (CD34+Flt3+LSKs); ST-HSCs, CD34+Flt3-LSKs; LT-HSCs, CD34-Flt3-LSKs) (means ± 

SD, n = 7-8)  

(G-H) 2 p38 +/+ p38 HSC PB (G)

(H) (means ± SD, n = 4-6)  

(I) 2 p38 +/+ p38 HSC 4  (means 

± SD, n = 7-8)  

1 *p < 0.05 **p < 0.01  

(Sorimachi et al., J Biol Chem. 2021 ) 
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1.3.2.  

(A) Tamoxifen (TAM) p38 +/+ p38  (n = 10-16) TAM 10-25

 

(B) 2 p38 +/+ p38 p38  (mean±SD, n 2-9)  

(C) 2 p38 +/+ p38 (SP)  (CLP, common lymphoid 

progenitors (Lin-IL7R +Flt3+Sca-1/c-Kitlo); MEP, megakaryocyte-erythroid progenitors (Lin-IL7R -Sca-1-c-

Kit+CD16/32-CD34-); GMPs, granulocyte-monocyte progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32+CD34+); 

CMPs, common myeloid progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32-CD34+); MPPs, Multipotent progenitors 

(CD34+Flt3+LSKs); ST-HSCs, CD34+Flt3-LSKs; LT-HSCs, CD34-Flt3-LSKs) (means ± SD, n = 3-5)  

(D) 2 p38 +/+ p38 T  (DN, CD4-CD8- T cells; DP, CD4+CD8+ T 

cells; CD4 SP, CD4+ T cells; CD8 SP, CD8+ T cells) (means ± SD, n = 2-3)  

(E-G) 2 p38 +/+ p38  (BM) (E), (SP) (F),  (G)

 (means ± SD, n = 2-3)  

(H-I) 2 p38 +/+ p38  (H) (means ± SD, n = 7-9)

 (I) (means ± SD, n = 3-5) (B, B220+ B cells; CD4, CD4+ T cells; CD8, CD8+ T cells; 

Gra, Mac-1+Gr-1hi Granulocytes; Mac, Mac-1+Gr-1lo Macrophages; LT-HSCs, Lin-Sca-1+c-Kit+Flt3-CD48-

CD150+; ST-HSCs, Lin-Sca-1+c-Kit+Flt3-CD48-CD150-; MPP2 cells, Lin-Sca-1+c-Kit+Flt3-CD48+CD150+; MPP3 

cells, Lin-Sca-1+c-Kit+Flt3-CD48-CD150-; MPP4 cells, Lin-Sca-1+c-Kit+Flt3+)  

(J-K) 2 p38 +/+ p38 HSC (J) (K)

(CD4/8+ T B220+ B Gr-1/Mac-1+ Myeloid )  (means ± 

SD, n = 7-8)  

(L-M) (L) (M) p38 +/+ p38 HSC (CD34-Flt3-LSK) p16Ink4a

p19Arf  (mean±SD, n 4-19  

1 *p < 0.05 **p < 0.01  

(Sorimachi et al., J Biol Chem. 2021 ) 
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1.3.3 p38 HSC

 

HSC p38 , HSC

p38 p38 10 , 1 , 2

HSC qPCR p38MAPK

, p38  ( 1.3.3 A 1.3.3 A)

p38 MAPK12) p38 MAPK13) , p38 /

( ) ( 1.3.3 

A) , Gene expression Omnibus (GEO) RNA-sequence data 

(GSE151333) (10 ), 1 , 2 HSC Gene set enrichment analysis 

(GSEA) , p38 2 HSC

( 1.3.3 B) , 1 HSC , p38 /

1 2 (data not shown) HSC

, p38 (1 2 )

 

HSC , 

(Principal component analysis; PCA) , Differential 

expression gene (DEG) , HSC

( 1.3.3 C, 1.3.3 B-C 1.3.1, 1.3.2) PCA , 1 , 2

HSC PC1 , PC1 Gene 

ontology (GO) , 

 ( 1.3.3 C D) , GSEA p38MAPK

1 2 HSC  ( 1.3.3 D) NF B 

- TNF signaling Interferon (IFN) response 1 2

, , 1  

( 1.3.3 E-F 1.3.3 E) , HSC

,  

, p38MAPK TNF

Interleukin-1 (IL-1), Interleukin-6 (IL-6)

(79, 80) , 2 p38MAPK p38

HSC 2 p38 +/+

p38  HSC ( 1.3.2 A ) , 

p38 , p38 HSC p38 +/+ HSC

p38MAPK , TNF

signaling, IFN response

( 1.3.3 G-H 1.3.3 F-H) , p38 +/+ HSC p38 HSC , 
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HSC (aged HSC marker) , HSC

(young HSC marker) , p38 HSC

( 1.3.3 I 1.2.34, 1.2.35) (81) , 

p38 HSC
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1.3.3. p38 1 2 HSC HSC  

(A) (10 ), 1 , 2 HSC (CD48-CD150+LSK) p38  (MAPK14), p38  

(MAPK11), p38 MAPK12), p38 MAPK13) HSC

(mean±SD, n=2-10)  

(B) (10 ), 1 , 2 HSC (CD48-CD150+LSK) p38 GSEA plot  

(C) (10 ), 1 , 2 HSC (CD48-CD150+LSK)  

(D) (C) , PC1 Gene ontology (GO)  

(E-F) (10 ), 1 , 2 HSC (CD48-CD150+LSK) TNF signaling via p38 (E)

IFN response (F) GSEA plot  

(G-H) 2 p38 +/+ p38  HSC TNF signaling via p38 (G) IFN response (H)

GSEA plot  

(I) 2 p38 +/+ p38  HSC aged HSC marker young HSC marker

GSEA plot  

***P < 0.001. 

(Sorimachi et al., J Biol Chem. 2021 ) 
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1.3.3.  

(A) (10 ), 1 , 2 HSC (CD48-CD150+LSK) p38 MAPK14), p38

(MAPK11), p38 MAPK12), p38 MAPK13) ( -actin; ACTB)

(mean ± SD, n=2-10)  

(B-C) (10 , ), 1 ( ), 2 ( )HSC (CD48-CD150+LSK)

(B) (C) z-

normalized score BH p-value < 0.0015, FDR q-value < 0.25 , 

( 1.3.1 1.3.2 ) Color key HSC

 

(D) 1 HSC 2 HSC Normalized 

Enrichment Score NES  

(E) (10 ), 1 , 2 HSC (CD48-CD150+LSK) TNF signaling via NF B

GSEA plot  

(F-G) 2 p38 +/+ p38  HSC p38MAPK (F) TNF signaling via NF B (G)

GSEA plot  

(H) 2 p38 +/+ , p38  HSC Normalized 

Enrichment Score NES  

***P < 0.001. 

(Sorimachi et al., J Biol Chem. 2021 ) 
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gene Young Young Young Middle Middle Middle Old Old Old gene Young Young Young Middle Middle Middle Old Old Old gene Young Young Young Middle Middle Middle Old Old Old
Rgs5 -0.333 -0.333 2.667 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 Tac2 -0.487 -0.487 -0.487 -0.487 1.199 2.213 -0.487 -0.487 -0.487 Zfp454 -0.484 -0.484 -0.484 -0.484 -0.484 -0.484 -0.484 1.135 2.252
Galnt16 -0.333 2.667 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 Gm5937 -0.616 -0.616 -0.616 1.222 2.003 0.470 -0.616 -0.616 -0.616 Pdgfra -0.549 -0.549 0.049 -0.549 -0.549 -0.549 -0.549 0.940 2.304
Myl9 -0.396 -0.396 2.623 -0.396 -0.396 -0.396 -0.396 -0.396 0.149 Dact3 -0.330 -0.843 -0.843 0.091 1.897 1.415 -0.843 -0.238 -0.306 Ighv14-1 -0.549 -0.549 -0.147 -0.549 -0.549 -0.549 -0.549 1.361 2.079
Acvr1c -0.225 1.861 1.642 -0.546 -0.546 -0.546 -0.546 -0.546 -0.546 Gm10399 -0.239 -0.639 -0.639 1.050 -0.639 2.253 -0.639 -0.292 -0.218 1700041G16Rik -0.612 -0.612 -0.612 -0.612 -0.612 -0.612 1.172 2.042 0.458
Ccdc162 -0.545 2.202 1.166 -0.545 -0.545 -0.545 -0.545 -0.545 -0.097 Ranbp2-ps1 -0.845 -0.464 0.010 1.213 1.222 1.401 -0.845 -0.845 -0.845 Kcnt1 -0.565 0.059 -0.565 -0.565 -0.565 -0.565 2.178 -0.565 1.155
Cav1 2.053 -0.498 1.431 -0.498 -0.498 -0.498 -0.498 -0.498 -0.498 Dazl -0.340 -0.579 -0.922 -0.333 2.026 1.389 -0.269 -0.408 -0.563 Fam83c -0.557 -0.557 -0.132 -0.557 -0.557 -0.557 1.945 -0.557 1.530
Ushbp1 1.727 -0.504 1.800 -0.504 -0.504 -0.504 -0.504 -0.504 -0.504 Gm15429 -0.200 -0.863 0.014 0.776 1.807 1.055 -0.863 -0.863 -0.863 Dusp14 -0.530 0.105 -0.530 -0.530 -0.530 -0.530 -0.530 2.425 0.651
Bmp2 1.244 -0.490 2.185 -0.490 -0.490 -0.490 -0.490 -0.490 -0.490 Ftl1-ps1 0.033 -0.899 -0.899 1.511 1.495 0.491 -0.899 -0.899 0.068 Gm10916 -0.663 -0.663 -0.663 -0.663 -0.663 -0.663 1.500 1.104 1.376
Gm13298 1.905 1.613 -0.503 -0.503 -0.503 -0.503 -0.503 -0.503 -0.503 Gm16135 -0.780 -0.780 -0.001 0.007 2.055 1.154 -0.780 -0.093 -0.780 Stx1a -0.748 -0.748 -0.058 -0.748 -0.748 -0.748 1.684 0.809 1.306
Fam205a3 1.905 1.613 -0.503 -0.503 -0.503 -0.503 -0.503 -0.503 -0.503 Mirg -0.911 -0.024 -0.911 0.742 1.781 0.962 -0.911 0.182 -0.911 Tnnt1 -0.788 -0.788 0.155 -0.788 -0.788 -0.788 1.498 1.049 1.237
Klhl29 -0.460 2.575 0.295 -0.460 -0.460 -0.460 -0.460 -0.460 -0.108 Sel1l3 0.044 -1.491 -1.492 0.467 0.849 1.599 0.055 0.139 -0.170 Grb7 -0.763 -0.763 -0.358 -0.353 -0.763 -0.384 0.742 0.367 2.274
Pjvk 2.335 -0.474 0.985 -0.474 -0.474 -0.474 -0.474 -0.474 -0.474 Creb5 0.414 -0.818 -0.968 1.673 0.642 0.465 -1.576 -0.302 0.471 1700012C14Rik -0.711 0.156 -0.711 -0.711 -0.711 -0.711 2.008 0.220 1.169
Il17c -0.501 1.545 1.964 -0.501 -0.501 -0.501 -0.501 -0.501 -0.501 Cask -0.512 -0.997 -0.754 0.778 -0.208 2.310 -0.148 -0.062 -0.406 Wdr93 -0.752 0.200 -0.752 -0.752 -0.752 -0.752 1.916 1.057 0.587
Sult5a1 2.340 0.570 0.452 -0.621 -0.621 -0.621 -0.621 -0.621 -0.255 Hoxb5 -1.139 -1.179 -0.552 1.294 1.230 0.867 -0.918 -0.069 0.466 Tubb2b 0.025 -0.773 -0.169 -0.773 -0.429 -0.773 2.411 0.422 0.058
Lamb3 0.660 2.065 0.995 -0.620 -0.620 -0.620 -0.620 -0.620 -0.620 Apbb2 -1.272 -0.314 -0.919 0.347 1.437 1.332 -1.022 0.624 -0.214 Mcpt8 -0.663 -0.663 -0.129 0.049 -0.663 -0.663 -0.663 1.795 1.600
Lrrc63 2.409 -0.046 0.757 -0.520 -0.520 -0.520 -0.520 -0.520 -0.520 Mblac2 0.281 0.284 0.132 0.179 1.225 1.396 -1.504 -1.212 -0.781 Gm26545 -0.210 -0.207 -0.842 -0.842 -0.842 -0.842 1.626 0.858 1.302
Vstm5 0.953 1.164 1.724 -0.741 -0.741 -0.137 -0.741 -0.741 -0.741 Fads2 0.080 -0.568 -0.333 0.640 1.649 1.196 -1.070 -0.255 -1.338 Naaladl1 -0.807 -0.113 -0.402 -0.807 -0.807 -0.807 1.404 0.662 1.677
Rftn2 -0.528 2.331 0.940 -0.528 -0.528 -0.528 -0.105 -0.528 -0.528 Hmg20a -0.304 -0.315 -0.573 0.291 1.250 1.556 -0.546 0.368 -1.726 Thbs2 -0.650 -0.650 -0.062 -0.650 -0.077 -0.650 1.421 1.965 -0.650
Prss40 2.019 1.273 0.333 -0.604 -0.604 -0.604 -0.604 -0.604 -0.604 Ighg2b -0.633 -0.633 -0.633 -0.633 -0.633 -0.633 1.130 0.721 1.949 Spag16 -0.733 -0.733 -0.261 -0.733 -0.275 -0.733 1.848 1.510 0.110
Grb14 0.730 1.006 2.024 -0.627 -0.627 -0.627 -0.627 -0.627 -0.627 Igkv3-2 -0.416 -0.416 -0.416 -0.416 -0.416 -0.416 -0.416 0.325 2.585 Gm3629 -0.024 0.140 -0.833 -0.833 -0.833 -0.833 0.702 0.379 2.137
Ppbp 0.290 -0.348 2.433 -0.468 -0.910 -0.262 -0.466 0.369 -0.638 Ighg2c -0.374 -0.374 -0.374 -0.374 -0.374 -0.374 -0.374 2.650 -0.034 Rtn4rl1 -0.315 -0.759 -0.759 -0.759 -0.019 -0.759 1.800 1.535 0.035
Gm15813 2.119 1.164 0.122 -0.330 -0.698 -0.698 -0.283 -0.698 -0.698 Ighv1-47 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 Wisp1 -0.876 -0.402 -0.404 -0.399 -0.876 -0.876 0.876 1.290 1.667
BC043934 1.542 -0.595 1.930 -0.595 -0.595 -0.595 -0.595 -0.281 -0.214 Gpnmb -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 Asb2 -0.849 -0.849 0.094 -0.849 -0.849 -0.458 0.941 1.544 1.276
Gm16068 0.439 2.452 0.189 -0.128 -0.590 -0.590 -0.590 -0.590 -0.590 Ighv5-9-1 -0.024 -0.375 -0.375 -0.375 -0.375 -0.375 -0.375 -0.375 2.649 Foxc1 -0.070 -0.880 -0.880 -0.880 -0.880 0.177 1.780 1.245 0.386
Atp2c2 2.022 1.128 0.337 0.064 -0.710 -0.710 -0.710 -0.710 -0.710 Igkv15-103 -0.366 -0.366 -0.366 -0.366 -0.366 -0.366 -0.366 2.656 -0.096 C1s1 -0.850 0.154 -0.406 -0.850 -0.850 -0.850 1.252 1.687 0.713
1700110K17Rik 0.505 2.056 1.023 -0.702 -0.702 -0.071 -0.702 -0.702 -0.702 Igkv1-135 -0.611 -0.611 -0.047 -0.611 -0.611 -0.257 -0.611 1.220 2.139 Gm14005 -0.262 -0.929 0.128 -0.929 -0.929 -0.564 0.389 1.716 1.382
Fndc11 0.358 2.387 -0.059 -0.156 -0.300 -0.905 0.197 -0.905 -0.616 Igkv1-133 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 Crb3 -0.996 -0.153 -1.216 -0.458 -0.063 0.178 2.259 0.395 0.054
Fxyd1 2.128 0.245 1.072 -0.294 -0.728 -0.728 -0.238 -0.728 -0.728 Sowahc -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 Spon1 -1.242 -0.483 0.438 -0.372 -0.226 -1.242 1.873 0.596 0.659
Fxyd2 0.554 1.501 1.670 -0.787 -0.787 -0.787 -0.221 -0.357 -0.787 Igkv14-100 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 -0.333 -0.333 Cxcl2 -1.150 -0.862 -0.265 -0.258 -1.150 0.349 1.169 0.521 1.648
Zfp112 1.000 2.035 -0.059 -1.059 -1.059 -0.196 -0.725 0.187 -0.124 Ighv5-16 -0.481 -0.481 -0.481 -0.481 -0.481 -0.481 2.278 -0.481 1.092 Tmem82 -0.376 -0.154 -0.157 -0.508 -0.178 -0.715 1.857 1.445 -1.214
Ap2a1 0.224 -0.578 2.505 -0.710 -0.386 -0.620 -0.365 0.255 -0.325 Ighv7-1 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 -0.333 Gm13590 -0.459 -1.187 0.299 -1.187 -0.333 -0.667 1.504 0.999 1.032
Shisa8 1.664 0.880 0.725 -1.224 -0.592 0.320 -1.147 0.171 -0.796 Gm9889 -0.637 -0.637 -0.637 -0.637 -0.637 -0.637 1.791 1.402 0.628 Nlrp1b 0.025 -0.211 -0.424 -0.545 -1.474 -0.745 1.866 1.010 0.498
Gm6206 1.565 0.865 0.876 0.019 -0.021 -0.045 -0.618 -1.034 -1.607 Igkv12-44 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 -0.333 Slpi -0.205 -1.694 0.578 -0.616 0.224 -0.228 -0.633 0.759 1.816
Ldlr 1.280 1.572 0.645 -0.279 -0.590 0.044 -1.109 -1.328 -0.236 Tox2 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 -0.333 -0.333 AU040972 -1.132 -0.540 0.073 0.039 0.127 -1.415 1.715 -0.072 1.205
Igha -0.333 -0.333 -0.333 -0.333 -0.333 2.667 -0.333 -0.333 -0.333 Gjb2 -0.456 -0.456 -0.456 -0.456 -0.456 -0.456 -0.456 0.741 2.449 Nr4a1 -0.891 -1.305 -0.430 -0.680 0.119 0.039 0.726 0.379 2.042
Igkv1-88 -0.392 -0.392 -0.392 -0.392 -0.392 2.628 -0.392 -0.392 0.119 Bmp10 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 Zbed5 -0.600 -0.220 -0.570 0.125 0.068 -0.235 2.543 -0.788 -0.323
Igkv12-46 -0.333 -0.333 -0.333 2.667 -0.333 -0.333 -0.333 -0.333 -0.333 Fam19a5 -0.440 -0.440 -0.440 -0.440 -0.440 -0.440 2.613 0.094 -0.067 Pir -0.258 -0.978 0.198 -0.352 -0.640 -1.016 1.698 1.563 -0.214
Gm5940 -0.333 -0.333 -0.333 -0.333 2.667 -0.333 -0.333 -0.333 -0.333 Igkv14-111 -0.463 -0.463 -0.187 -0.463 -0.463 -0.463 -0.148 2.621 0.030 Hsbp1l1 -0.894 0.180 -0.498 -1.169 -0.911 -0.404 1.307 1.235 1.153
Iqcm -0.333 -0.333 -0.333 2.667 -0.333 -0.333 -0.333 -0.333 -0.333 Hist1h2ad -0.484 -0.484 -0.484 -0.484 -0.484 -0.484 2.250 1.139 -0.484 Unc79 -0.062 -0.137 -1.246 -0.829 -1.043 0.076 1.221 0.265 1.756
Ighv10-1 -0.613 -0.613 -0.613 -0.093 0.213 2.493 0.249 -0.613 -0.412 Fcrl5 -0.438 -0.438 -0.438 -0.438 -0.438 -0.438 -0.438 2.522 0.544 Pcsk9 -0.190 -1.066 -0.323 -0.629 -0.675 -0.714 1.557 0.365 1.674
Mup17 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 -0.333 -0.333 -0.333 Ighv1-72 -0.460 -0.460 -0.460 -0.460 -0.460 -0.460 -0.460 2.428 0.791 Cd33 -0.236 -1.493 0.572 -0.224 -1.165 -0.423 0.534 0.693 1.742
Gm13303 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 -0.333 -0.333 -0.333 Tmem132e -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 Gpr35 -1.021 -0.707 0.442 -0.233 -0.510 -1.085 0.057 1.314 1.744
Gm11940 -0.504 -0.504 -0.504 1.820 -0.504 1.706 -0.504 -0.504 -0.504 Megf10 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 Klf2 -0.172 -0.759 -1.055 -1.138 0.171 -0.213 0.102 1.853 1.211
Gm20635 -0.456 -0.456 -0.456 -0.456 2.447 0.746 -0.456 -0.456 -0.456 Hrh4 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 Nr4a2 -0.825 -1.789 -0.475 -0.032 -0.019 0.277 1.021 0.188 1.655
Hoxc10 -0.421 -0.421 -0.421 0.375 2.573 -0.421 -0.421 -0.421 -0.421 Igkv14-126 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 Cd52 -0.675 -0.704 0.590 -0.246 -1.013 -0.455 -0.510 0.956 2.057
Dpyd -0.465 -0.465 -0.465 -0.465 0.858 2.398 -0.465 -0.465 -0.465 1700093J21Rik -0.453 -0.453 -0.453 -0.453 -0.453 -0.453 0.713 -0.453 2.460 Gm18852 -0.930 -0.909 -0.539 -0.937 0.075 -0.359 0.568 1.299 1.731
Fezf1 -0.333 -0.333 -0.333 -0.333 2.667 -0.333 -0.333 -0.333 -0.333 Ighv14-3 -0.485 -0.485 -0.485 -0.485 -0.485 -0.485 -0.485 2.238 1.160 C3 -0.889 -0.655 0.651 -1.142 0.031 -0.756 -0.219 1.493 1.485
Duxbl2 -0.402 -0.402 -0.402 -0.402 2.614 0.198 -0.402 -0.402 -0.402 Gm2897 -0.466 -0.466 -0.466 -0.466 -0.466 -0.466 2.394 -0.466 0.866 Cd53 -1.107 -0.553 0.277 -1.014 -0.975 0.225 0.242 1.247 1.658
Gm8775 -0.333 -0.333 -0.333 -0.333 -0.333 2.667 -0.333 -0.333 -0.333 Klrd1 -0.504 -0.504 -0.504 -0.504 -0.504 -0.504 -0.504 1.705 1.821 H2-Eb1 -1.065 -1.183 -0.301 -0.445 0.001 0.122 -0.117 2.079 0.909
Kcna2 -0.555 -0.555 -0.298 -0.555 2.182 1.224 -0.555 -0.332 -0.555 Tmem178b -0.643 -0.643 -0.643 -0.643 -0.322 -0.643 2.206 0.475 0.857 Gem -0.207 -0.956 -0.834 -0.393 -1.021 -0.224 0.920 0.824 1.891
Opcml -0.390 -0.390 -0.390 -0.390 2.632 -0.390 -0.390 -0.390 0.098 Adcyap1r1 -0.474 -0.474 -0.474 -0.474 -0.474 -0.474 0.979 -0.474 2.339 Preb -0.335 -0.562 0.075 -0.519 -0.558 -0.637 0.696 2.404 -0.563
Ak7 -0.468 -0.468 -0.468 0.897 -0.468 2.379 -0.468 -0.468 -0.468 Kcnt2 -0.619 -0.619 -0.619 -0.619 -0.619 -0.619 0.644 2.070 1.000 Cd74 -1.604 -0.611 -0.009 -0.475 -0.414 0.264 -0.168 1.423 1.592
Gm13243 -0.696 -0.696 -0.696 0.982 0.895 1.926 -0.324 -0.696 -0.696 Mamstr -0.504 -0.504 -0.504 -0.504 -0.504 -0.504 1.687 1.838 -0.504 H2-Aa -1.596 -0.675 -0.131 -0.361 -0.246 0.259 -0.277 1.692 1.335
Rd3l -0.418 -0.418 -0.418 0.343 2.581 -0.418 -0.418 -0.418 -0.418 Col2a1 -0.549 -0.549 -0.549 -0.549 -0.549 -0.549 2.111 -0.127 1.310 H2-Ab1 -1.075 -0.373 -0.378 -1.177 -0.210 0.234 -0.136 1.881 1.234
Gm13842 -0.556 -0.556 0.143 0.883 2.311 -0.556 -0.556 -0.556 -0.556 Tnfsf11 -0.445 -0.445 -0.445 -0.445 -0.445 -0.445 2.608 -0.014 0.078 Zfp467 -0.371 -0.821 -1.246 -0.428 -0.194 -0.019 0.925 0.019 2.135
Gm12959 -0.450 -0.450 -0.450 0.675 -0.450 2.475 -0.450 -0.450 -0.450 Pcdhb3 -0.565 -0.565 -0.565 -0.565 -0.565 -0.565 1.487 1.967 -0.061 Cd180 -0.087 -0.499 0.257 -0.192 -1.629 -0.895 0.577 1.870 0.598
Tpd52-ps -0.427 -0.427 0.099 -0.427 -0.427 2.621 -0.427 -0.160 -0.427 Ms4a2 -0.490 -0.490 -0.490 -0.490 -0.490 -0.490 -0.490 1.258 2.176 Gm4070 -1.295 0.189 -0.852 0.093 -0.790 -0.507 1.093 1.852 0.217
Hnf1b -0.628 -0.628 -0.628 -0.335 2.329 0.885 -0.628 -0.045 -0.323 3300005D01Rik -0.457 -0.457 -0.457 -0.457 -0.457 -0.457 -0.457 0.760 2.441
2700046A07Rik -0.080 -0.413 -0.080 -0.413 2.639 -0.413 -0.413 -0.413 -0.413 Ighv1-55 -0.459 -0.459 0.370 -0.459 -0.459 -0.459 -0.459 2.562 -0.177

gene Young Young Young Middle Middle Middle Old Old Old gene Young Young Young Middle Middle Middle Old Old Old gene Young Young Young Middle Middle Middle Old Old Old
Ighv10-1 -0.613 -0.613 -0.613 -0.093 0.213 2.493 0.249 -0.613 -0.412 Clca3a1 -1.254 -1.262 -1.345 0.524 1.053 0.403 0.476 1.067 0.337 Cpne8 -0.940 -1.601 -1.231 1.037 0.610 0.355 0.140 0.575 1.056
Nrsn2 -1.032 -1.032 -1.032 0.465 1.328 -0.272 0.970 -0.601 1.205 Trpm6 -1.079 -1.488 -0.971 0.427 -0.464 1.012 0.717 1.060 0.786 Gm4841 -0.574 -0.824 -1.874 0.158 1.688 0.620 0.295 0.251 0.261
Kcnb2 -1.218 -1.218 -1.218 -0.366 0.810 0.730 1.130 0.537 0.813 Sult1a1 -1.501 -1.582 -0.798 0.821 0.646 0.702 0.567 0.415 0.730 Vwf -1.736 -0.668 -0.719 0.601 1.598 -0.509 0.349 0.806 0.279
Tmem132b -1.095 -1.095 -1.095 0.970 1.713 -0.241 0.374 0.565 -0.096 Gpr183 -1.903 -0.292 -1.245 0.311 0.539 -0.014 0.942 0.624 1.038 Hk2 -1.329 -1.114 -1.371 0.559 0.923 -0.018 0.522 0.851 0.976
Jchain -0.846 -0.672 -0.846 0.954 -0.846 1.389 -0.846 0.417 1.294 Gm16587 -0.906 -1.258 -1.599 0.637 1.245 0.378 0.182 0.527 0.794 Vmp1 -1.789 -0.518 -1.395 0.842 0.753 0.688 0.351 0.268 0.801
Sh2d2a -1.013 -1.013 -1.013 1.385 -1.013 0.799 0.959 0.446 0.464 Matn4 -1.274 -0.681 -1.774 0.348 0.858 0.948 0.231 0.510 0.834 Exoc6b -0.515 -1.262 -1.678 0.436 1.550 0.188 0.359 0.191 0.731
Ripk4 -0.937 -0.937 -0.937 0.596 -0.937 1.338 -0.300 0.944 1.168 Creb3l1 -1.205 -1.199 -1.204 0.440 1.407 0.236 1.157 0.295 0.071 Tgm2 -0.559 -1.261 -1.443 0.001 1.712 0.017 0.260 0.959 0.314
Gabra4 -0.992 -0.992 -0.992 0.137 1.274 -0.727 -0.037 1.447 0.883 Nr4a2 -0.825 -1.789 -0.475 -0.032 -0.019 0.277 1.021 0.188 1.655 Ighg2b -0.633 -0.633 -0.633 -0.633 -0.633 -0.633 1.130 0.721 1.949
Gm16701 -1.254 -1.254 -1.254 -0.231 0.838 0.801 0.851 0.632 0.871 Plk2 -1.129 -0.611 -1.641 0.505 0.620 0.457 0.430 -0.233 1.603 Gm5641 -0.662 1.530 1.061 -0.662 -0.662 -0.662 -0.662 1.380 -0.662
Agtr1a -1.411 -1.411 -0.832 -0.220 1.224 0.554 0.749 0.611 0.736 Ehd2 -0.655 -1.171 -1.621 0.627 0.717 0.413 0.866 -0.426 1.250 Clec4a1 -0.898 0.237 0.899 -0.898 -0.898 -0.898 -0.306 1.402 1.361
Rbpjl -1.365 -0.927 -1.365 1.195 1.225 0.580 0.172 0.255 0.230 Synm -0.929 -1.838 -0.741 0.611 1.159 -0.233 0.694 0.907 0.370 Tnc 0.454 -0.525 1.529 -0.965 -0.965 -0.965 1.122 -0.578 0.893
Egr3 -1.068 -1.068 -0.802 0.215 1.253 -1.068 0.993 0.509 1.036 Gm10419 -1.506 -1.555 -0.501 0.492 0.807 -0.215 1.047 0.676 0.756 Adap2 0.841 0.503 0.965 -1.172 -1.172 -1.172 -0.118 -0.079 1.403
Ddit4l -1.164 -0.840 -1.164 0.632 1.462 -0.019 0.989 -0.678 0.782 Ccdc92 -1.030 -1.796 -0.921 0.294 1.156 0.857 0.438 0.411 0.591 Cd83 0.526 -0.423 1.188 -0.902 -0.902 -0.902 -0.583 0.175 1.823
B930095G15R-1.319 -0.819 -1.319 1.335 0.722 0.587 -0.452 0.317 0.948 Adgrg2 -0.613 -2.020 -0.949 0.955 0.380 0.396 0.396 0.402 1.054 Ibsp 0.315 -1.023 1.200 -1.023 -1.023 -1.023 0.668 0.906 1.004
Sis -1.315 -0.801 -1.315 0.428 0.492 1.014 -0.564 1.057 1.005 Cyp26b1 -0.730 -0.641 -2.027 0.048 0.650 0.539 0.775 0.113 1.272 Mgp -1.014 0.875 1.308 -1.014 -1.014 -1.014 0.843 0.806 0.225
Zmynd15 -1.241 -0.923 -0.925 0.223 -0.934 0.599 1.121 0.877 1.203 Selp -1.347 -0.728 -1.691 0.469 1.133 0.399 0.411 0.832 0.522 Cyp1b1 0.231 0.398 0.880 -0.993 -0.993 -0.993 -0.993 1.106 1.357
Cldn5 -0.712 -1.284 -1.284 -0.369 0.664 1.286 0.493 1.309 -0.102 Ocln -1.864 -0.928 -0.861 0.948 0.999 0.153 0.344 0.328 0.881 Ifi209 -0.764 0.084 1.494 -1.029 -1.029 -0.781 0.169 0.338 1.519
Prom1 -0.925 -1.423 -1.424 0.465 0.823 0.075 0.387 1.009 1.012 Neo1 -0.950 -1.920 -0.698 0.456 1.245 0.005 0.550 0.690 0.622 Cald1 -0.517 0.963 1.838 -0.905 -0.756 -1.137 0.182 0.738 -0.405
Dnm3 -1.023 -1.792 -0.949 0.994 0.708 0.122 0.785 0.413 0.743 Egr1 -0.855 -0.736 -1.561 -0.701 0.996 0.450 0.423 0.512 1.472 Gm14212 1.360 0.830 0.629 -1.085 -1.085 -0.830 0.481 -1.085 0.784
Trpc1 -1.528 -1.527 -0.701 0.950 1.002 0.304 0.292 0.726 0.482 Sfrp1 -1.954 -1.002 -0.406 0.738 1.196 0.234 -0.103 0.906 0.390 Igfbp5 0.528 0.270 0.677 -0.535 -1.567 -1.567 0.228 0.928 1.039
Wwtr1 -1.968 -1.253 -0.490 0.591 0.563 0.732 0.604 0.615 0.607 Junb -0.750 -1.804 -0.505 -0.786 1.070 0.842 0.639 0.325 0.970 Ptprd 0.520 1.390 0.468 -1.155 -0.837 -1.155 -0.781 1.220 0.330
Eya4 -1.800 -1.215 -0.415 0.834 -0.215 0.359 1.118 0.896 0.437 Pclo -0.757 -1.502 -0.938 1.141 0.152 -0.245 0.989 -0.211 1.371 Tgfa 1.503 -0.376 0.926 -1.029 -1.303 -0.866 -0.077 1.103 0.118
Gm26679 -1.319 -1.666 -0.727 1.071 0.720 0.779 0.580 0.587 -0.025 Aldh1a1 -1.242 -1.447 -1.019 0.577 0.537 0.551 0.514 1.460 0.070 Kirrel 1.276 1.310 0.150 -0.850 -1.226 -1.226 -0.296 0.902 -0.040
Dlk1 -0.547 -1.225 -1.553 -0.251 1.323 0.414 1.152 -0.003 0.691 Jam2 -0.788 -1.334 -1.646 0.823 1.183 0.595 0.402 0.441 0.323 Degs2 0.505 0.741 0.631 -0.803 -1.393 -1.660 0.702 0.367 0.910
Bmpr1a -1.208 -0.977 -1.708 0.659 0.806 0.797 0.337 0.620 0.674 Aspa -1.594 -1.117 -0.814 0.943 -0.378 1.221 0.490 0.577 0.671 Crispld2 -0.040 0.560 0.892 -1.508 -1.220 -0.745 0.013 0.538 1.510
Sbspon -0.740 -2.121 -0.517 0.201 1.030 0.986 0.640 0.080 0.443 Chd7 -1.347 -1.490 -1.032 0.286 0.847 1.021 0.421 0.495 0.798 Rps2-ps9 -0.205 1.815 0.338 -1.138 -1.152 -0.930 1.006 0.049 0.217
Mt2 -0.301 -1.835 -1.299 0.774 1.160 0.751 0.157 0.566 0.028 Ehd3 -1.177 -0.809 -1.320 0.444 1.179 -0.576 0.456 1.383 0.421 Dynlt1-ps1 0.826 1.495 0.625 -0.977 -1.512 -0.713 -0.040 0.817 -0.521
Tdrd9 -1.174 -1.170 -0.915 0.765 1.228 -0.777 0.559 1.133 0.351 Plscr2 -2.001 -0.522 -1.106 0.622 0.402 1.050 0.602 0.612 0.340 Cxcl12 0.162 0.520 0.603 -0.501 -2.249 -0.670 0.611 0.613 0.912
Gm7592 -1.591 -1.416 -0.526 0.343 0.804 0.059 0.146 1.191 0.991 Clec1a -1.057 -1.139 -1.539 0.911 1.122 0.110 0.122 0.838 0.632 Met 1.396 -0.955 0.911 -0.631 -1.063 -1.282 0.867 0.157 0.600
Prom2 -0.288 -1.675 -1.525 0.955 0.040 0.796 0.594 0.181 0.923 Gm16548 -1.256 0.061 -1.983 0.237 0.941 0.906 -0.062 0.738 0.419 Lrp1 -0.219 -0.286 0.966 -1.478 -0.729 -0.939 0.106 1.301 1.279
Ar -1.379 -1.630 -0.753 0.281 0.768 0.243 0.999 0.553 0.919 Cysltr2 -1.570 -1.231 -0.631 0.674 1.279 0.743 -0.331 0.146 0.920 Evl 0.496 0.318 0.737 -0.377 -2.094 -1.064 0.480 0.538 0.966
Zfp334 -1.552 -1.351 -0.618 1.204 1.052 0.181 0.575 -0.154 0.662 Runx1t1 -1.016 -0.905 -1.070 1.380 0.175 -0.727 0.620 0.079 1.466 Dok3 0.660 0.016 0.143 -0.644 -1.829 -1.030 1.248 0.459 0.977
Ddr1 -0.969 -1.632 -0.969 1.054 1.135 0.947 0.222 0.320 -0.107 Cavin2 -1.721 -1.293 -0.607 0.260 0.461 0.457 0.707 1.368 0.369 Scnn1a 0.212 0.927 0.590 -0.989 -1.451 -1.372 0.227 0.867 0.989
Nr4a1 -0.891 -1.305 -0.430 -0.680 0.119 0.039 0.726 0.379 2.042 Apol7e -1.437 -0.745 -1.144 1.085 0.067 0.655 -0.492 1.318 0.692 Mthfd2 0.556 0.650 0.582 -1.327 -1.600 -0.939 0.285 1.035 0.759
Klrb1c -1.340 -1.311 -1.186 0.681 0.962 0.591 0.021 0.587 0.996 A530040E14R-2.029 -0.391 -0.785 -0.012 -0.145 0.425 0.845 1.102 0.991 Gm16575 0.223 0.780 0.499 -1.050 -1.110 -1.691 0.868 0.584 0.897
Shisa7 -0.299 -1.692 -1.557 0.464 1.021 0.103 0.880 0.556 0.524 Gda -1.303 -0.995 -1.176 0.267 1.188 -0.167 0.440 0.279 1.465 Lrrc8b 1.047 0.858 -0.072 -1.452 -0.393 -1.387 -0.003 1.406 -0.005
Mab21l2 -2.054 -0.248 -1.112 0.621 0.615 -0.053 0.583 0.927 0.720 Trim47 -0.785 -1.806 -0.775 -0.145 1.429 0.463 0.091 0.947 0.581 Zfp426 0.495 1.335 0.793 -0.734 -1.467 -1.498 0.249 0.470 0.357
Bmp4 -0.318 -2.247 -0.822 0.737 0.316 0.287 0.835 0.698 0.514 Nupr1 -1.198 -0.939 -1.592 0.527 1.288 0.514 0.634 0.737 0.029 Mblac2 0.281 0.284 0.132 0.179 1.225 1.396 -1.504 -1.212 -0.781
Ccbe1 -1.488 -0.140 -1.881 0.487 0.259 0.728 0.644 0.774 0.616 Myof -1.203 -1.143 -1.147 0.413 1.317 -0.520 0.853 0.772 0.659 Gm6206 1.565 0.865 0.876 0.019 -0.021 -0.045 -0.618 -1.034 -1.607
Hoxb6 -1.575 -1.297 -0.469 0.475 0.667 1.413 0.754 -0.422 0.453 Enpp5 -1.393 -0.288 -1.635 0.966 1.330 0.255 -0.206 0.592 0.379 Samd5 -0.714 0.767 1.191 0.828 1.161 -0.015 -1.073 -1.073 -1.073

Gm12396 0.895 1.002 1.205 -0.952 -0.306 1.012 -0.952 -0.952 -0.952

1.3.1. , 1 , 2 HSC  
( 1.3.3 B ) 

1.3.2. , 1 , 2 HSC  
( 1.3.3 C ) 
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1.3.4 (Atm / ) p38 HSC

 

p38 HSC

,  

(Ataxia-telangiectasia; AT) Ataxia-telangiectasia mutated (Atm)

, Atm ,  p16Ink4a

p19Arf , (44) Atm

DNA / , Atm DNA

(12, 82) Atm TAM

CAG-CreERT2::Atmflox/flox (Atmfl/fl) TAM , HSC

H2A histone family member X (H2AX) tumor suppressor p53-

binding protein 1 (53BP1) , Atm  HSC phosphorylated 

H2AX ( H2AX) 53BP1 , HSC DNA

 ( 1.3.4 A-C)  

, Atm p38MAPK , CAG-

CreERT2::Atm+/+p38 +/+ , CAG-CreERT2::Atmflox/flox (Atmfl/fl) , CAG-

CreERT2::Atmflox/floxp38 flox/flox (Atmfl/flp38 fl/fl) , 6~20

TAM , 10~25 ( Atm+/+ p38 +/+ , Atm , 

Atm p38 ) ( 1.3.4 D) , 

( 1.3.4 E 1.3.4 A) , Atm

 Atm p38 , HSC

 ( 1.3.4 F 1.3.4 B) , MPP ST-HSC

Atm , Atm p38

 ( 1.3.4 F 1.3.4 B) HSC

, 

, Atm  

Atm p38  HSC , 

, ,  ( 1.3.4 G-I 1.3.4 C)

, , 

Atm  Atm p38 HSC

( 1.3.4 J -K) , Atm p38 HSC , Atm HSC

 ( 1.3.4 G-K

1.3.4 D)  

, Atm HSC , p38 Atm

HSC , Atm p38 HSC Atm HSC 

HSC   
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1.3.4. Atm p38 HSC  

(A-C) 1 Atm+/+ p38 +/+ Atm  HSC 53BP1 H2AX

53BP1 ( ) H2AX ( ), DAPI ( ) (A) 53BP1 (B), H2AX(C)

foci  (means ± SD, n = 27-35)  

(D) Atm p38  

(E-F) Atm+/+ p38 +/+, Atm , Atm p38 (PB) (E) (BM)

(F) (B, B220+ B cells; CD4, CD4+ T cells; CD8, CD8+ T cells; Gra, Mac-1+Gr-1hi 

Granulocytes; Mac, Mac-1+Gr-1lo Macrophages; CLP, common lymphoid progenitors (Lin-IL7R +Flt3+Sca-1/c-

Kitlo); MEP, megakaryocyte-erythroid progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32-CD34-); GMPs, granulocyte-

monocyte progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32+CD34+); CMPs, common myeloid progenitors (Lin-

IL7R -Sca-1-c-Kit+CD16/32-CD34+); MPPs, Multipotent progenitors (CD34+Flt3+LSKs); ST-HSCs, CD34+Flt3-

LSKs; LT-HSCs, CD34-Flt3-LSKs) (means ± SD, n = 5)  

(G-I) Atm+/+ p38 +/+, Atm , Atm p38 HSC (G), (H), (I)

PB  (means ± SD, n = 6)  

(J-K) Atm+/+ p38 +/+, Atm , Atm p38 HSC (J) (K) 4

 (PI-, propidium iodide negative live cells; Lin+, lineage marker positive cells; LKS-, Lin-

c-Kit+Sca-1- cells; MPPs, Multipotent progenitors (CD34+Flt3+LSKs); ST-HSCs, CD34+Flt3-LSKs; LT-HSCs, 

CD34-Flt3-LSKs) (means ± SD, n = 5-6)  

1 *p < 0.05 **p < 0.01  

(Sorimachi et al., J Biol Chem. 2021 ) 
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1.3.4. 

(A) Atm+/+ p38 +/+, Atm , Atm p38 (BM) (means ± SD, n = 5)

(B) Atm+/+ p38 +/+, Atm , Atm p38 (BM) (means ± SD, n = 5) 

(LT-HSCs, Lin-Sca-1+c-Kit+Flt3-CD48-CD150+; ST-HSCs, Lin-Sca-1+c-Kit+Flt3-CD48-CD150-; MPP2 cells, Lin-

Sca-1+c-Kit+Flt3-CD48+CD150+; MPP3 cells, Lin-Sca-1+c-Kit+Flt3-CD48-CD150-; MPP4 cells, Lin-Sca-1+c-

Kit+Flt3+) 

(C-D) Atm+/+ p38 +/+, Atm , Atm p38 HSC (C) (D) 4

(CD4/8+ T B220+ B Gr-1/Mac-1+ Myeloid )

(means ± SD, n = 7-8)

1 *p < 0.05 **p < 0.01

(Sorimachi et al., J Biol Chem. 2021 )
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1.3.5 Atm p38MAPK  

, Atm HSC p38MAPK (Reactive oxygen 

species; ROS) , p16Ink4a p19Arf HSC

in vitro  (67) , Atm+/+ p38 +/+ , 

Atm Atm p38 HSC ROS

p16Ink4a p19Arf (67) FACS qPCR , 

Atm Atm p38  HSC ROS p16Ink4a/p19Arf

( 1.3.5 A-B 1.3.5 A-B) , 

ROS- p16Ink4a/p19Arf HSC , HSC

(76)

Ki67 , Atm  HSC

(G0) , Atm p38  HSC  (

1.3.5 C-D) Atm ROS- p16Ink4a/p19Arf

 

, Atm p38MAPK , Atm+/+

Atm  HSC p38MAPK FACS

, p38MAPK  ( 1.3.5 E)

p38MAPK , 

(72) , 3 7

p38MAPK , 3 , Atm  HSC

p38MAPK , 7

( 1.3.5 F 1.3.5 C-D)  

, Atm , p38MAPK ROS- 

p16Ink4a/p19Arf , p38MAPK
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1.3.6 Atm / p38  

, Atm p38 , 11

(Atm+/+ ), Atm Atm p38 HSC RNA-seq

, 

( 1.3.5 G) Atm HSC , HSC(2 HSC)

( 1.3.3 D-F and data not 

shown) , p38 WT, Atm HSC TNF  signaling

( 1.3.5 H-I) , WT Atm HSC

Atm p38  HSC , (HSC marker)

(Lineage marker) , p38 HSC

( 1.3.5 J K)

p38

, WT Atm HSC p38 PI3K/Akt/mTOR

( 1.3.5 L) PI3K/Akt/mTOR

HSC , HSC

, (83-85) , 

Atm , p38 HSC
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1.3.5. Atm HSC ROS  

(A-B) Atm+/+ Atm (A) Atm+/+p38 +/+ Atm p38 (B)

MitoTracker Orange CMH2TMROS  (Lin+, lineage marker positive cells; LKS-, Lin-c-

Kit+Sca-1- cells; MPPs, Multipotent progenitors, CD34+Flt3+LSKs; ST-HSCs, CD34+Flt3-LSKs; LT-HSCs, CD34-

Flt3-LSKs) (mean±SD, n = 4)  

(C-D) Atm+/+ Atm (C) Atm+/+p38 +/+ Atm p38 (D)

Ki67  (Lin+, lineage marker positive cells; LKS-, Lin-c-Kit+Sca-1- cells; 

MPPs, Multipotent progenitors, CD34+Flt3+LSKs; ST-HSCs, CD34+Flt3-LSKs; LT-HSCs, CD34-Flt3-LSKs)

(G0 )  (mean±SD, n = 4)  

(E-F) Atm+/+ Atm (E) (4Gy) 3 (F)

p38MAPK  (Lin+, lineage marker positive cells; LKS-, Lin-c-Kit+Sca-1- cells; 

MPPs, Multipotent progenitors, CD34+Flt3+LSKs; ST-HSCs, CD34+Flt3-LSKs; LT-HSCs, CD34-Flt3-LSKs)

Mean fluorescence intensity (MFI) FACS  (mean±SD, n = 4)  

(G) Atm  HSC Atm p38  HSC

8  

(H-L) WT (Atm+/+), Atm Atm p38 HSC inflammatory response (H), TNF signaling via NF B 

(I), HSC marker (J), Lineage marker (K), PI3K/Akt/mTOR pathway (L) GSEA plot  

1 *p < 0.05  

(Sorimachi et al., J Biol Chem. 2021 )
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1.3.5. 

(A-B) Atm+/+p38 +/+, Atm Atm p38 HSC (CD34-Flt3-LSK) p16Ink4a (A) p19Arf

(B) (mean±SD, n = 4)

(C) , (4Gy) 3 7 Atm+/+p38 +/+, Atm Atm p38

p38MAPK 3 7

(C) 7 MFI (D) (LSK, Lin-Sca-1+c-

Kit+ cells; MPPs, Multipotent progenitors, CD34+Flt3+LSKs; ST-HSCs, CD34+Flt3-LSKs; LT-HSCs, CD34-Flt3-

LSKs) Mean fluorescence intensity (MFI) FACS (mean±SD, n = 4)

1

(Sorimachi et al., J Biol Chem. 2021 )
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1.4  

, 

, HSC , , 

, (23, 37, 86-88) HSC

DNA , , , 

, , 

(86, 88, 89) , HSC

(57-59)

HSC , HSC

, , , 

 

p38MAPK HSC HSC

, HSC

p38MAPK (90) p38MAPK HSC

, HSC (44, 67) , 

p38MAPK

 

p38 , p38MAPK HSC

 TAM Atm

, p38MAPK

(1) HSC , (2)HSC

, (3) HSC , 3

p38MAPK HSC  

 

1.4.1 HSC p38MAPK  

HSC p38MAPK , 6

CAG-CreERT2: p38 flox/flox (p38 fl/fl) TAM , 1

p38 +/+ p38 1 p38

/ (Hematopoietic stem/progenitor cell; 

HSPC) , , B

( 1.3.1 B-C) HSC

, p38  HSC

( , 

p38 HSC )
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, 1 p38 HSC , 

( 1.3.1 D-J) 1 , 2

, 1

, 2 , HSC

HSC

 (HSC

(91, 92))  

, p38 HSC , HSC

p38 HSC

, p38 HSC

, (HSC

, p38 HSC B

) , p38 HSC

 

, HSC

, p38 , (72) 1

p38  HSC , , p38

p38  HSC

 

 

1.4.2 HSC p38MAPK  

HSC p38MAPK , 1

CAG-CreERT2: p38 flox/flox(p38 fl/fl) TAM , 2 p38 +/+

p38 1 p38

, 2 p38

( 1.3.2 B-C 1.3.2 C-I) , 

p38  HSC ( 1.3.2 D-I 1.3.2 J-K)

, p38 HSC

 

p38 , HSC

, (10 ), 1 , 2 HSC

, , (1 2

) , p38 / IFN TNF response

( 1.3.3 B, D-F 1.3.3 D-E) ( 1

) ( 1.3.3 D-F 1.3.3 
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D-E) , p38 NF B IL-1/IL-6 TNF

, TNF IL-1

HSC , HSC p38

HSC (59, 93) , 2

p38 HSC TNF signaling via NF B TNF signaling via p38 ,

( 1.3.3 G-H 1.3.3 G-H) , 2

p38 HSC HSC , 

( 1.3.2 G-I 1.3.3 I)

, p38 , HSC

, , p38 HSC

, , HSC

( 1.3.6) p38

, , p38

, p38 ( )

p38 , HSC p38

, in vitro , 

p38MAPK HSC

, HSC p38MAPK

1.3.6. p38 HSC
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1.4.3 p38MAPK  

 (Ataxia-telangiectasia; AT)

Atm HSC , 

, Atm  HSC , ROS-p38MAPK-p16Ink4/p19Arf

HSC (12, 44)

CAG-CreERT2::Atm+/+p38 +/+ , CAG-CreERT2::Atmflox/flox (Atmfl/fl) , CAG-

CreERT2::Atmflox/floxp38 flox/flox (Atmfl/flp38 fl/fl) , Atm  HSC p38

, Atm HSC

, p38 ( 1.3.4 G-K

1.3.4) , p38

( 1.3.4 1.3.4 B-D) , Atm

ROS-p38MAPK-p16Ink4/p19Arf , 

, ( 1.3.5 A-D)

, TAM

, Atm

, p38

in vitro ,  (12, 44)  

Atm HSC , (2 ) HSC , 

(data not shown) , p38 Atm  

HSC , Atm

, HSC

, DNA

, HSC DNA

, ( )

( ) Atm , HSC

 

, p38 (

1.3.7) , HSC , 

p38 HSC

Atm p38 HSC

, 

HSC , , 
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1.5 Data availability

(10 ), 1 , 2 HSC RNA-sequence data

NCBI Gene Expression Omnibus (GEO) (https://www.ncbi.nlm.nih.gov/geo/)

(GSE151333)

, p38 +/+ p38 HSC RNA-sequence data

Atm+/+p38 +/+, Atm Atm p38 HSC RNA-sequence data GEO

Accession number: GSE168057 GSE168085

1.3.7. 



60 
 

2  : p53 (MSC)

 

2.1  

2.1.1  

(Mesenchymal stem cell; MSC)

, , , 

, , (20, 94-96) MSC 1970

Friedenstein , , 

, colony-forming unit-fibroblast(UFC-F)

(97) 3

, 1991 Caplan (MSC)

(98) MSC , , 

, MSC MSC

, (graft versus host 

disease; GVHD) (99-102)  

MSC 3

, , CD11b, CD19, CD45, 

CD34, HLA-DR , CD49a(Integrin 1), CD105, CD200, Stro-1, CD73, CD90

(103-106) , 

MSC , , 

heterogeneity , 

(21, 107-109), MSC

 

MSC , MSC , ( )

MSC , C-X-C Motif Chemokine Ligand 12 

(CXCL12), Kit ligand (KITL), Vascular cell adhesion molecule 1 (VCAM1)

HSC (8-14), 

, 

(110-117) ( 2.1.1)  

MSC , Platelet-derived growth factor (Pdgfr ), Leptin receptor (LepR), 

Nestin , CD45, Ter119 (118-120), 

MSC

, HSC

, single-cell RNA-seq MSC

(121-125)

, , CXCL12
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CXCL12-abundant reticular (CAR) , Pdgfr +LepR+

MSC (16, 118, 119) Pdgfr +LepR+ MSC

HSC ,

(13, 15), MSC

2.1.2 MSC

MSC HSC , ( MSC

) MSC HSC ,

, , Senescence-

associated secretaory phenotype (SASP) , Senescence-associated beta-

galactosidase (SA- -gal) ,

in vitro (126-128) ,

, (128, 

129), (57, 58) ( 2.2.2)

MSC , DNA , , ROS

p16Ink4a/Rb p53/p21 in vitro

(130-135), (Super Oxide Dismutase(SOD), catalase)

ROS (136) ,

MSC

2.1.1. MSC
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2.1.3

MSC ,

(Soft tissue sarcoma; 

STS) , 1% (137)

STS ,

50% , (18, 35, 138) STS

,

,

STS ,

STS

(35) P53, Rb STS

(51, 139, 140), p53 Rb

STS (141-143) , STS

STS ,

STS

, ,

(144, 145) , MSC

STS , MSC p53 (146) , p53

MSC , STS

2.1.2. MSC
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2.1.4 p53

P53 DNA

, DNA

( 2.1.3) p53 , ,

,

, , ,

HSC , p53

, p53 (147-

152) ( 2.1.4)

MSC in vitro p53

, , , , ROS,

MSC p53 , ,

MSC (153, 154) , MSC p53

(155), p53 MSC

( 2.1.4)

MSC p53

2.1.3. p53 DNA

2.1.4. MSC p53
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2.1.5  

2 MSC p53

MSC , , MSC

MSC p53

, MSC

, ( ), 3

, MSC p53 MSC

, 

, 

(

)  

 

2.2  

2.2.0  

2.2.0 ( 1 ) 

 

REAGENT or RESOURCE SOURCE IDENTIFIER 

Antibodies   

Anti mouse Leptin R-biotin R&D systems Cat# BAF497 

Anti-mouse CD45-PerCP-Cy5.5 (clone: 30-F11) BD bioscience Cat# 550994; RRID: AB_394003 

Anti-mouse Ter119-PerCP-Cy5.5 (clone: TER-119) Tonbo biosciences Cat# 560512; RRID: AB_10561844 

Anti-mouse CD31-PE (clone: MEC 13.3) BD bioscience Cat#553373; RRID: AB_394819 

Anti-mouse CD140a-APC (clone: APAS) Invitrogen Cat# 17-1401-81; RRID: AB_529482 

Anti-CD45 micro beads Miltenyi Biotec Cat# 130--52-301 

Streptavidin-Alexa488 BioLegend Cat# 405235 

Streptavidin-APC-Cy7 Biolegend Cat# 405208; RRID: AB_529482 

Rat anti-CD31 (clone: MEC13.3) BD biosciences Cat#550274 

-Vimentin Abcam Cat# ab137321 

Goat anti- -Alexa555 Invitrogen Cat# A21137 

Donkey anti-Rat IgG-DyLight650 Invitrogen Cat# SA5-10029 

Anti-p53(1C12)-Alexa647 BD Cell Signaling Cat# 2533S 

Anti-IgG1-Alexa647 BioLegend Cat# 406617 

Chemicals, Peptides, and Recombinant Proteins   

collagenase type I Gibco Cat# 17100-017 

Dnase I Sigma Aldrich Cat# D5025-150KU 

2.2.0  
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DMEM Sigma Aldrich Cat# D5796 

Accutase Innovative Cell 
Technologies, Inc. Cat#AT-104 

OCT compound Tissue-Tek Cat# 4583 

Protein Block Dako Cat# X0909 

Mountant, Perma Fluor Thermo Fisher Scientific Cat# TA-030-FM 

EDTA 2NA Dojindo Cat# N001 

XF DMEM Agilent Cat# 103575-100 

10mM Glucose Agilent Cat# 103577-100 

1mM Pyruvate Agilent Cat# 103578-100 

2mM L-Glutamine Agilent Cat# 103579-100 

fibronectin Corning Cat# 354008 

Recombinant Murine IGF-I PeproTech Cat# 250-19 

Recombinant Murine PDGF-AA PeproTech Cat# 315-17 

Recombinant Murine FGF-basic PeproTech Cat# 450-33 

oligomycin Sigma Aldrich Cat# 495455 

FCCP Sigma Aldrich Cat# C2920 

antimycin A Sigma Aldrich Cat# A8674 

rotenon  Cat# R0090 

2-deoxy-D-glucose  Cat# D0051 

Oil Red O  Cat# ORG125 

Alizarin Red S Fuj Film Cat# 011-01192 

5%  Fuj Film Cat# 64-18-6 

(x2) Fuj Film Cat# 039-17705 

 Muto Pure Chemicals Cat# 32042 

  Cat# X0012 

TRIZOL Thermo Fisher Scientific Cat#  15596-026 

 Nacalai Tesque Cat# 08402-55 

 Wako Cat# 166-04836 

Critical Commercial Assays   

MesenCult™ Expansion Kit Mouse  Veritas Cat# ST-05513 
Mesenchymal Stem Cell (hMSC) Osteogenic 
Differentiation Medium BulletKitTM Lonza Cat# PT-3002 

Mesenchymal Stem Cell (hMSC) Adipogenic 
Differentiation Medium BulletKitTM Lonza Cat# PT-3004 

FluxPak Mini-XFe96/XF Pro assay pack Agilent Cat# 103793-100 

DNeasy Blood & Tissue Kit (50) QIAGEN Cat#69504 

C1 Single-Cell AutoPrep Reagent Kit Fluidigm Cat# 100-5319 
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2.2.1  

MSC p53 , Prrx1-Cre(-)-Trp53flox/flox (p53+/+)  (

) Prrx1-Cre(+)-Trp53flox/flox (p53 )  ( ) (153, 156, 

157) , MSC

, MSC p53 , MSC

p53 10-15

, 47-59 1

, DNA

PCR  

C57BL/6-Ly5.1  (Ly5.1) , 

, , , 12 , 12

SPF  

 

SMARTer Ultra Low RNA Kit Clontech Cat# 634888  

C1 IFC for PreAmp Fluidigm Cat# 100-5757 

Ambion Single Cell-to-CT Kit Thermo Fisher Scientific Cat# 4458237 

TaqMan Fast Universal PCR Master Mix Thermo Fisher Scientific Cat# 4352042 

GE 96. 96 Dynamic Array Sample & Loading Reagent Kit Fluidigm Cat# 85000802 

GE 96.96 Dynamic Array IFC Fluidigm Cat# BMK-M-96. 96 

Nextera XT DNA Sample Preparation Kit Illumina Cat# TG-131-1096 

Nextera XT DNA Sample Preparation Index Kit (96 index) Illumina  

Deposited Data   

Raw and analyzed bulk RNA-seq data This paper GEO: GSE226843 

Raw and analyzed single-cell RNA-seq data This paper GEO: GSE226845 

Raw and analyzed exome sequencing data This paper Bio Project: PRJNA935829 

Experimental Models: Organisms/Strains   

Mouse: C57BL/6JJmsSlc Japan SLC, Inc. http://www.jslc.co.jp/english/index2.htm 

Mouse: C57BL/6J-Ly5.1 CLEA Japan, Inc N/A 

Mouse: Prrx1-Cre The Jackson Laboratory JAX stock #005584 

Mouse: p53fl/fl Logan M et al., Genesis 
(2002) (156) 

Software and Algorithms   

Ubuntu v20.04LTS  https://releases.ubuntu.com/20.04/ 

Seurat Satija Lab Tools for Single Cell Genomics • Seurat 
(satijalab.org) 

GSVA Bioconductor package Bioconductor Bioconductor - GSVA 

maftools Bioconductor package Bioconductor Bioconductor - maftools 
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2.2.2

1.2.2 2.2.1(p53), 2.2.2(Cre)

Mixture , 2.2.1(p53, Cre) PCR (

2.2.3 )

(μl)
10×ExTaq Buffer 2 TaKaRa RR001A

2.5 mM dNTP Mix 1.6 TaKaRa RR001A
50 μM primer (1) 0.08 SIGMA ATM BAC7
50 μM primer (2) 0.08 SIGMA ATM BAC13
Template DNA 0.5 - -
5U/μl ExTaq 0.1 TaKaRa RR001A

DW 1 - -
Total 20 - -

(μl)
10×ExTaq Buffer 2 TaKaRa RR001A

2.5 mM dNTP Mix 1.6 TaKaRa RR001A
50 μM primer (5) 0.08 SIGMA CREi 22S
50 μM primer (6) 0.08 SIGMA CRE 775AS
50 μM primer (7) 0.08 SIGMA oIMR7338
50 μM primer (8) 0.08 SIGMA oIMR7339
Template DNA 0.5 - -
5U/μl ExTaq 0.1 TaKaRa RR001A

DW 15.48 - -
Total 20 - -

p53 P53 1F CACAAAAACAGGTTAAACCCAG
P53 1R AGCACATAGGAGGCAGAGAC

Cre CREi 22S CCTGGAAAATGCTTCTGTCCGTTTGC
CRE 775AS GAGTTGATAGCTGGCTGGTGGCAGATG
oIMR7338 CTAGGCCACAGAATTGAAAGATCT
oIMR7339 GTAGGTGGAAATTCTAGCATCATCC

2.2.1. p53 PCR Mixture 

2.2.2. Cre PCR Mixture 

2.2.3. 

2.2.1 PCR (p53, Cre)
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2.2.3  

1.2.3  

 

2.2.4 ,  

, 1.2.4  

 

2.2.5  

1.2.5  

 

2.2.6  

(1) 3.5cm petri dish Collagenase ( 2.2.4) 1 1mL  

(2) , 21 1mL

Collagenase  

(3)  20min  

(4)  50mL

 

(5)   

(6)  , Lysis buffer ( 1.2.8) 5 ml 5

 

(7)  FBS-PBS 10 ml  

(8)  , 10mL FBS-PBS 70μm

50mL  

(9)  , 1.5mL  

(10)  Fc , 1 1μL Anti-mouse 

CD16/CD32 10min  

(11)  , 10 μl/2x107cells Anti-CD45 micro beads , 15

 ( , (11)-(14) )  

(12)  1 ml FBS-PBS 5  

(13)  (11)  

(14)  3 ml FBS-PBS , autoMACS Pro Separator Deplete_s  

(15)  negative fraction 5  

(16)   ( 2.2.5) , 30  

(17)  1 ml FBS-PBS 5  

(18)   ( 2.2.6) , 30  

(19)  (16)  

(20)  1/1000 Propidium iodide FBS-PBS (PI-PBS) 350 μl , 0.45 μm
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, SORP BDFACS Aria (3 laser) (BD, 657590) 

, 100μm  

 

 
 
 
 

 

 
 
 
 

 

 
 
 
2.2.7 fluorescence-activated cell sorting(FACS) /

 

CD4 (Clone: RM4-5), CD8a (Clone: 53-6.72) B220 (Clone: 

RA3-6B2), TER-119 (Clone: TER119), Gr-1 (Clone: RB6-8C5), Mac-1 (Clone: M1/70)

mAb lineage marker (Lin) , : LSKs, Lin-Sca-

1+c-Kit+; LT-HSCs, Lin-Sca-1+c-Kit+Flt3-CD48-CD150+; ST-HSCs, Lin-Sca-1+c-Kit+Flt3-CD48-

CD150-; MPPs, Lin-Sca-1+c-Kit+CD34+Flt3+; MPP2 cells, Lin-Sca-1+c-Kit+Flt3-CD48+CD150+; 

MPP3 cells, Lin-Sca-1+c-Kit+Flt3-CD48-CD150-; MPP4 cells, Lin-Sca-1+c-Kit+Flt3+; Common 

lymphoid progenitors (CLPs), Lin-Sca-1lowc-KitlowIL-7R+Flt3+; Megakaryocyte/erythroid 

progenitors (MEPs), Lin-Sca-1lowc-KitlowCD16/32-CD34+; Granulocyte/macrophage progenitors 

(GMPs), Lin-Sca-1lowc-KitlowCD16/32+CD34+; Common myeloid progenitors (CMPs), Lin-Sca-

1lowc-KitlowCD16/32-CD34- : CD4 T cells, CD4+; 

CD8 T cells, CD8+; DN cells, CD4-CD8-; DP cells, CD4+CD8+; B cells, B220+; Granulocytes, Gr-

1highMac-1high; Macrophages, Gr-1dimMac-1high  

: MSC, CD45-Ter119-CD31-

LepR+CD140a+; EC, CD45-Ter119-CD31+VE-cadherin+  

SORP FACS Aria IIu FACS Aria IIIu  (BD 

   
Collagenase type I 7 mg 

DNase I 1 mg 
FBS 20 μl 

Penicillin-Streptomycin Solution (×500) 2 μl 
DMEM 1 ml 

  
Leptin Receptor-biotin 1μL 

CD45-PerCP-Cy5.5 2μL 
Ter119-PerCP-Cy5.5 2μL 

CD31-PE 1μL 
CD140a-APC 1μL 

  
Streptavidin-Alexa488 0.3μL 

FBS-PBS 150μL 

2.2.4.collagenase  (1 ml) 

2.2.5.  

2.2.6.  
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Biosciences) FlowJo TreeStar  

 

2.2.8  

1.2.7 1.2.8

 

 

2.2.9  

(1) 2.2.6, 2.2.7 MSC FACS 2%FBS-DMEM ( 1.2.24 ) L

collection tube sorting  

(2) Sorting 10  

(3) , 1x104cells/100 L MSC culture meduim (MesenCult™ 

Expansion Kit (Mouse), Veritas (Cat# ST-05513) , 2.2.7 ) , 100 g/mL

fibronectin 96well culture plate L  

(4) 96well culture plate 5  

(5) , MSC culture medium 100 L

8  

(6) 8 96-well culture plate , accutase

L/well , 10-20  

(7) 2%FBS-PBS 100 L , 

5  

(8) , 2-3x105cells/2mL MSC culture meduim ( 2.2.7)

, 5 g/mL fibronectin 35mm dish 2mL  

(9) 4  

(10)  4 , (6)-(8) (sorting MSC

fiboronectin 100 g/mL , 

3 g/mL dish

96-  

MSC , MSC , 

fibronectin ) 

(11)  3 , Passage 3-4 (P3-4)  

  

  
MesenCult Basal Medium 0.9mL 

MesenCult 10X Supplement (Mouse) 0.1mL 
200mM L-Glutamin 10μL 

Penicilin/Streptmycin (500x) 2μL 
1000x MesenPure 1μL 

2.2.7. MSC culture medium  
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2.2.10  

(1) 2.2.9 MSC , 96-well culture plate 2x105cells/well ( )

2x103cells/well ( ) , 

 

(2) , , (Lonza, #PT-3004) , 3

(9)  

(3) , (Lonza, #PT-3004) 3  

(4) (2)-(3) 2~3  

(5) , 4%PFA

1 ,  

(6) 4%PFA , 60% , 

Oil Red O 30  

(7) 60% 1 ,  

(8) Oil Red O , 100% , 

, , 500nm (OD )  

(9) , (1) , (Lonza, #PT-3002)

, 3 2-3  

(10)  , 4%PFA 1 , 

 

(11) 4%PFA , MilliQ , Alizarin Red

 

(12) ,  

(13)  Alizarin Red , 10% , 450nm

(OD )  

 

2.2.11 (Ki67 ) 

(1) 2.2.6 (8)  

(2) 1.4×107  

(3) 7 , 6 anti-CD45 ( 2.2.8)

1 μl ( 8) )  

(4) 2) 5  

(5) ,  

(6) Fc-block (anti-mouse CD16/32) 1 μl/ , 10  

g/mL IGF-I 1μL 
g/mL PDGF-AA 1μL 
g/mL FGF-basic 1μL 
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(7) ( 2.2.9) , 30  

(8) 1 ml FBS-PBS 5  

(9) 8)  

(10)  ( 2.2.10) , 30  

(11)  1 ml FBS-PBS 5  

(12)  11)  

(13)  BD Cytofix/Cytoperm 250 μl , 20  

(14)  MilliQ 10 BD Wash buffer 1 ml 5

 

(15)  14)  ( 19) )  

(16)  Anti-Ki67 Alexa555 10 μl/ , , 30  

(17)  14) 2  

(18)  1/1000 Hoecst33342 PBS (1000×Hoechst-PBS) 350 μl , FACS

 

(19) PBS 350 μl FACS  

 

 

 
 
 
 

 

 
 

2.2.12 Seahorse  

(1) 2.2.9 MSC , g/mL fibronectin coat 96-well culture plate

5x104 cells/well , 

 

  (μl) 
(1) No staining - 
(2) CD45-FITC 1 μl 
(3) CD45-PE 1 μl 
(4) CD45-PerCP-Cy5.5 1 μl 
(5) CD45-APC 1 μl 
(6) CD45-APC-Cy7 1 μl 
(7) Cd45-PE-Cy7 1 μl 

  (μl) 
CD45-PerCP-Cy5.5 1 ul 
Ter119-PerCP-Cy5.5 1 μl 

CD31-PE-Cy7 1 μl 
LepR-biotin 1 μl 

CD140a-APC 1 μl 

  (μl) 
SA-APC-Cy7 1 ul 

2.2.9. Ki-67  

2.2.10. Ki-67  

2.2.8.  
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(2) seahorse (Seahorse, #103680-100 , 2.2.11 ) , 

0%CO2 30 pH  

(3) Seahorse XF Pro OCR ECAR Mitostress test , oligomycin 

M), FCCP (2 M), Antimycin A (0.5 M) + rotenone (0.5 M), 2-deoxy-D-glucose (50mM)

OCR  

 

 
 
 
 

2.2.13 CT  

p53+/+ p53 MSC , CT(CosmoScan FX; Rigaku)

3 , BMD Analysis 

software (Rigaku) , 

0.5mm 1mm  

 

2.2.14  

(1) 10-15 p53+/+ p53 MSC , MBR-1520R 

(Hitachi Power Solutions) , 125kV 10mA, 0.5mm Al, 0.2mm Cu filter, 4Gy

 

(2)  0, 3, 7, 10, 14, 21, 30, 40, 50, 60, 70 , 3.5

 

(3)  70 , (1) 4Gy , 0, 3, 7, 10, 14, 21, 30, 40, 50, 60, 70 

 

 

2.2.15  

(1) p53 MSC  

(2)  4%PFA ( 2.2.12)  

(3)  , 0.5M EDTA

4h  

(4)  OCT compound , 10min  

(5)  , 10min  

(6)   (HM550 OMVP)  

(7)   

(8)  0.1%TritonX-PBS ( 2.2.13) 5min  

   
XF DMEM 29.7mL 
10mM Glucose 300 μl 
1mM Pyruvate 300 μl 

2mM L-Glutamine 300 μl 

2.2.11. seahorse  
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(9)  0.1%TritonX-PBS 5min OCT 

compound  

(10)  0.1%TritonX-Protein Block ( 2.2.14) 1h  

(11)  1  ( 2.2.15)  

(12)  0.1%TritonX-Protein Block 10min x3  

(13)  2  ( 2.2.16) 30min-1h  

(14)  (11)  

(15)  Mountant, Perma Fluor  
(16)  LSM800 Confocal microscopy (Zeiss)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.16 HE  

(1) p53  

(2)  4%PFA ( 2.2.12)  

(3)  70% 1h  

  
D-PBS (-)(1×) 10 mL 

PFA 0.4g 

  
D-PBS (-)(1×) 500 mL 

TritonX 500μL 

  
Protein Block 500 mL 

TritonX 500μL 

  
Mouse IgG2 anti-Vimentin 1 μL 

Rat anti-CD31 1 μL 
0.1%TritonX-Protein Block 100 μL 

  
Goat anti-Mouse IgG2 -Alexa555 0.5 μL 
Donkey anti-Rat IgG-DyLight650 0.5 μL 

DAPI 0.1 μL 
0.1%TritonX-Protein Block 100 μL 

2.2.12. 4%PFA  

2.2.13. 0.1%TritonX-Protein Block 

2.2.14. 0.1%TritonX-Protein Block 

2.2.15.  

2.2.16.  
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(4)  100% 7h  

(5)  3h  

(6)   

(7)  2-3μm ,  

(8)  5-10min 2  

(9)  100% 5-10min 2  

(10)  70% 5-10min  

(11)  MilliQ 5-10min  

(12)   (x2) 5min  

(13)  5min  

(14)  100% 3  

(15)  5-10min 3  

(16)  220 ( , 68300234)  

 

2.2.17 p53  

(1) 2.2.6  (8)  

(2)  8 , 1μl  (

 (14) )  

(3)  (2) 600 xg, 5  

(4)  ,  

(5)  1 μl/ Anti-mouse CD16/CD32 , 10   

(6)  1  ( 2.2.17) 1 μl/ , , 30  

(7)  1 ml FBS-PBS , 2000 rpm (340 xg), , 5  

(8)  2  ( 2.2.18) 1 μl/ , 30  

(9)  1 ml FBS-PBS 5  

(10)  , 50μl PBS  

(11)  1mL 1x lyse/fix buffer (BD Biosciences, 558049) , 

 

(12)  , 10  

(13)  2000 rpm (340 xg), 5  

(14)  , 500 μl Perm buffer II (BD Biosciences, 558052) , , 

30  

(15)  1500 rpm (190 xg), 5  

(16)  , 1ml Perm buffer II , 1500 rpm (190 xg), 5

 (  (26) )  

(17)  50μL 2 , 2 1 anti-p53-Alexa647 5μL
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, 1 anti-IgG1-Alexa647 1μL , , 30

 

(18)  1ml FBS-PBS , 1500 rpm (190 xg), 5  

(19)  , 350μl FBS-PBS ,  

(20)  FBS-PBS 500 μl ,  

 
 
 
 
 
 
 
 
 
 

 

2.2.18 mRNA cDNA  (RNeasy mini Kit; QIAGEN, 74104) 

(1) 3.5 μl 2-mercaptoethanol (SIGMA, M6250) , 

350μl RLT buffer (QIAGEN, 1015750)  

(2) 350μl 70% ,  

(3) RNeasy  

(4) 10000rpm (7700 xg), , 1  

(5) 700μl RW1 buffer , 10000rpm (7700 xg), , 1  

(6)  

(7) 500μl RPE buffer , 10000rpm (7700 xg), , 1  

(8) , 500μl RPE buffer , 

10000rpm (7700 xg), , 2  

(9) 1.5ml , 14.5μl RNase free water , 1

 

(10)  10000rpm (7700 xg), , 2  

(11)  14μl RNA , SuperScript® VILOTM cDNA Synthesis Kit (Thermo Fisher, 

11754050) 5× VILO Reaction Mix 4 μl, 10×SuperScript Enzyme Mix 2 μl 8

 

(12)  8 , 2.2.2

 

(13)  PCR cDNA  

    
Leptin Receptor-biotin 1μL R&D systems - 

CD45-PerCP-Cy5.5 2μL BD Biosciences 30-F11 
Ter119-PerCP-Cy5.5 2μL Tonbo Biosciences TER-119 

CD31-PE 1μL BD Pharmingen MEC 13.3 
CD140a-APC 1μL eBioscience APAS 

    
Streptavidin-Alexa488 0.3μL Biolegend - 

FBS-PBS 150μL - - 

2.2.17.  

2.2.18.  
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2.2.19 PCR

(1) SYBR Green mixture ( 2.2.19) ( 2.2.20)

(2) SYBR Green mixture 89μL cDNA 1 μl , 

(3) 96 well , 20 μl×4 well

(4) 7500 Fast Real-Time PCR (Applied Biosystems, 4362143) PCR ( 2.2.3)

(μl)
SYBR Premix ExTaq 45

Forward primer 0.36
Reverse primer 0.36

1.8
D2W 41.48

-actin Forward CATCCGTAAAGACCTCTATGCCAAC
Reverse ATGGAGCCACCGATCCACA

p53 Forward AAGATCCGCGGGCGTAA
Reverse CATCCTTTAACTCTAAGGCCTCATTC

Leptin Receptor Forward AAGGATTTGCAGCGGTGAG
Reverse TGGATATGCCAGGTTAAGTGCAG

Cxcl12 Forward CAGAGCCAACGTCAAGCATC
Reverse TTAATTTCGGGTCAATGCACAC

Kit ligand Forward AGATCTGCGGGAATCCTGTGA
Reverse CATCCCGGCGACATAGTTGA

Vcam1 Forward TTCCGGCATTTATGTGTGTGAAG
Reverse GGCACATTTCCACAAGTGCAG

2.2.2.

2.2.19. SYBR Green PCR mixture

2.2.20. SYBR Green PCR
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2.2.20 DNA (DNeasy Blood & Tissue Kit 

(50), Qiagen#69504)

(1) DNA , 2.2.6, 2.2.7 p53+/+

p53 MSC FACS 2%FBS-DMEM ( 1.2.24 L

collection tube

(2) Sorting 10

(3) , Buffer ATL 180 L + ProK 20 L

(4) DNA , p53+/+

p53 20~30mg - stock , 

Buffer ATL 180 L + ProK 20 L , 

(5) 15 , Buffer AL 200 L

(6) 100% L , 

(7) DNeasy Mini spin column 2 ml , (6)

(8) 8000rpm (6000 xg), , 1

(9) , 

(10) Buffer AW1 500 L , 8000rpm (6000 xg), , 1

(11) , Buffer AW2 500 L , 14000rpm 

(20000 xg), , 3

(14) 1.5ml , 200μl Buffer AE , 1

(12) 8000rpm (6000 xg), , 1

(13) L NanoDrop One (Thermo Fisher Scientific) DNA

, g/mL DNA

2.2.3. PCR
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2.2.21  

DNA , , variant calling Macrogen Japan

Quality check , 

SureSelect (Agilent) NovaSeq6000

, reference Genome Reference Consortium Genome assembly 

GRCm38 Paired End Read length: 150bp, average 

target coverage depth: 140x  

 

2.2.22  

Mutation Annotation Format (MAF) vcf2maf package variant calling 

format (VCF) MAF maftools Bioconductor package (158)

Total mutation burden (TMB) maftools

tcgaCompare (159) Ubuntu (Ubuntu 20.04 LTS)

R software (version 3.6.1)  

 

2.2.23  

RNA-seq NCI GDC Data Portal

(https://portal.gdc.cancer.gov/) cBioPortal

https://www.cbioportal.org/ TCGA “Adult Soft Tissue 

Sarcomas (Comprehensive and Integrated Genomic Characterization of Adult Soft Tissue 

Sarcomas, 2017)”  

 

2.2.24 total RNA  (NucleoSpin® Blood; Takara, 740951) 

(1) p53  

(2)  , -  

(3)  50-100mg , 1mL TRIZOL , 

5min  

(4)  0.2mL , 15  

(5)  2-3min  

(6)  15  

(7)  500μL 1.5mL , 

 

(8)  , 10  

(9)  10  

(10)  , 1mL 70%  
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(11)  5  

(12)  ,  

(13)  200μL RNase free water (Qiagen, 129112)  

(14)  RNA Ultrospec 3300 pro , total RNA

 

 

2.2.25 RNA  

 

(1) 2.2.24 total RNA  

(2) 2.2.18(10) , p53+/+MSC p53 MSC RNA , RNA

Ultrospec 3300 pro RNA  

(3) RNA DNA , 

8×60K ,  

 

2.2.26 single-cell RNA-seq 

(1) (10 ) (2 ) MSC (CD45-Ter119-CD31-CD140a+LepR+) , 

2.2.6, 2.2.7 FACSAria II  

(2) Single-cell cDNA , C1 Single-Cell Auto Prep System (Fluidigm)  

(3) , Fluidigm C1 System SMARTer Ultra Low RNA Kit (Clontech)

mRNA Seq C1 Single-Cell Auto Prep Reagent Kit (Fluidigm) , 

 

(4) RNA control , ArrayControl RNA Spikes (Thermo Fisher Scientific) #1, #4, #7 tube

100:10:1 , RNA Spikes mixture C1 Loading Reagent (Fluidigm) 1:10000

 

(5) Sorting MSC Suspension Reagent ~1000cells/ L , mRNA-seq

C1-Single-Cell Auto Prep IFC  (5 m)  

(6) , IN Cell Analyzer 6000 GE Healthcare integrated fluidic 

circuit (IFC) , 

, 2 , shrink

( MSC 96 83 , MSC 96 79 )  

(7) PCR 2.2.4, 2.2.5  

(8) cDNA ( L) L C1 DNA Dilution Reagent (Fluidigm)

, -  

(9) C1 Harvest Reagent 1:2 , Nextera XT DNA Sample 

Preparation Kit (Illumina) Nextera XT DNA Sample Preparation Index Kit (96 index, 

Illumina)  
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(10)  L Tagment DNA Buffer L Amplification Tagment Mix, L

cDNA , , 10

 

(11)  10 , L neutralizing buffer (NT buffer)  

(12)  PCR 6 L  NPM buffer , 

index primer 1 index primer 2  L  

(13)  2.2.6 PCR  

(14)  , L , AMPure XP beads (Beckman Coulter) 2

, L DNA suspension buffer  

(15)  Illumina HiSeq2000 , RNA-seq 

Unified Mapper (RUM) version 2.0.4 mouse genome mm9 , 

Cufflinks version 2.1.1  

 

 

 

 

 

2.2.4.  

2.2.5.  

1 min
95oC

20 s
95oC

4 min
58oC

6 min
68oC

20 s
95oC

30 s
64oC 6 min

68oC

30 s
95oC

30 s
64oC 7 min

68oC 10 min
72oC

forever
4oC

5 cycles 9 cycles 7 cycles

3 min

10 min

10 min

72oC

4oC

25oC 90 min
42oC

10 min
70oC

cell lysis ( ) reverse transcription ( )



82 
 

 

 

2.2.27 R single-cell RNA-seq  

PCA, Gene ontology (GO) , GSVA R software (version 3.6.1)

, actin (Actb) FPKM 300

GSVA package (160) GSVA GSVA

gplots package heatmap.2 , cluster Profiler package  (113)

GO enrichment

org.Mm.eg.db  

 

2.2.28  

117 RNA-seq , National Cancer Institute (NCI) Genomic 

Data Commons (GDC) data portal , R 

package Seurat (161) , nFeature_RNA > 10000 nCount_RNA > 

200000 , Seurat

Principal component analysis (PCA)

, UMAP

 ( 1.2 10 )

FindAllMarkers , violin plot Feature plot

Seurat FindIntegrationAnchors

IntegrateData (161)  

 

2.2.29 GSEA 

, GSEA v4.0.3 software (Broad Institute)

, Molecular Signatures Database v4.0

(http://www.broadinstitute.org/gsea/index.jsp)  permutation 1000 , p 0.05

FDR 0.25  

 

2.2.6.  

3 min
72oC

30 s
95oC

10 s
95oC

30 s
55oC

12 cycles

1 min
72oC

5 min
72oC
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2.2.30  

, ±SD ( ) 2

two-tailed Student's t test , Tukey's multiple comparison test.  (*p

0.05, **p 0.01, **p 0.001 , p 0.05 ns )

GraphPad PRISM 9J BellCurve for Excel  

 

2.3  

2.3.1 MSC p53  

, p53 MSC

, MSC single-cell RNA sequence (scRNA-seq) (

2.3.1 A) scRNA-seq (Principal component analysis; PCA) , MSC

MSC , 

 ( 2.3.1 B) Principal component 2 (PC2) , MSC

 ( 2.3.1 B) PC2 Gene ontology(GO)

, negative regulation (Reactive oxygen species; ROS)

, , , 

PC2  ( 2.3.1 C D MSC MSC

, Molecular Signatures Database (MSigDB)

, Gene set variation analysis (GSVA) MSC 68

 ( 2.3.1 E) p53

, MSC MSC ( 2.3.1 E)

, Gene enrichment analysis (GSEA) , p53

MSC , PTEN CDKN1A p53

MSC  ( 2.3.1 A-C) (162, 

163) , MSC p53  
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2.3.1. MSC p53  

(A)  (9 )  (2 ) scRNA-seq  

(B  (9 )  (2 ) MSC PCA plot  

(C-D) (B) , PC2 (C) (D) GO  

(E)  (9 )  (2 ) MSC GSVA 67

X : MSC (

) Y : GSVA

enrichment score Z-score normalization , MSC

( )  

(Sorimachi et al., Stem Cell Reports. 2023 ) 
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2.3.1. 

(A) (9 ) (2 ) MSC p53 GSEA 

plot

(B) (A) , p53 X : 

MSC ( ) Y : Molecular Signatures Database (MSigDB) , 

“PID_P53 DOWNSTREAM_PATHWAY” , MSC

10 Z-score 

normalization , ( )

(C) PTEN CDKN1A dot plot scRNA-seq

(Sorimachi et al., Stem Cell Reports. 2023 )
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2.3.2 MSC p53  

MSC p53 , MSC p53

, MSC p53 (Prrx1-Cre(+)::Trp53fl/fl; p53 MSC 

) (156) , MSC , p53

MSC , Prrx1-Cre(-)::Trp53fl/fl; p53+/+

p53 MSC MSC FACS

, p53+/+ p53 MSC MSC plot ( 2.3.2 A

B) , qPCR , p53 MSC MSC p53

, MSC LepR , CXCL12, 

SCF, Vcam1 ( 2.3.2 C) , FACS

p53 MSC , , , , / , 

p53+/+ ( 2.3.2 D-H)

, p53+/+ p53 MSC HSC

, , MSC p53

, HSC ( 2.3.2 I J) , 

MSC p53 , ( HSC )
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2.3.2. MSC p53  

(A) p53+/+ p53 MSC MSC(CD45-Ter119-CD31-LepR+CD140a+) FACS plot  

(B) p53+/+ p53 MSC MSC (Endothelial cell; EC, CD45-Ter119-CD31+)

 

(C) p53+/+ p53 MSC MSC , p53, LepR, CXCL12, Vcam1

p53+/+ MSC  (mean ± SD, n=4 technical replicates, 10-15w)  

(D) p53+/+ p53 MSC  (Hematopoietic stem/progenitor cells; 

HSPCs)  (LKS-, Lin-Sca-1-c-Kit+; CMPs, common myeloid progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32-

CD34+); MEP, megakaryocyte-erythroid progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32-CD34-); GMPs, 

granulocyte-monocyte progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32+CD34+); CLP, common lymphoid 

progenitors (Lin-IL7R +Flt3+Sca-1/c-Kitlo); LSK (Lin-Sca-1+c-Kit+); MPPs, Multipotent progenitors 

(CD34+Flt3+LSKs); ST-HSCs, CD34+Flt3-LSKs; LT-HSCs, CD34-Flt3-LSKs) (means ± SD, n = 4, 10-15w)  

(E) p53+/+ p53 MSC (BM), (SP),  (means ± SD, n = 

4, 10-15w)  

(F-G) p53+/+ p53 MSC (F) (G) (B, B220+ B cells; 

CD4, CD4+ T cells; CD8, CD8+ T cells; Gra, Mac-1+Gr-1hi Granulocytes; Mac, Mac-1+Gr-1lo Macrophages) (means 

± SD, n = 4, 10-15w)  

(H) p53+/+ p53 MSC (SP) (LKS-, Lin-Sca-1-c-Kit+; CMPs, 

common myeloid progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32-CD34+); MEP, megakaryocyte-erythroid 

progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32-CD34-); GMPs, granulocyte-monocyte progenitors (Lin-IL7R -Sca-

1-c-Kit+CD16/32+CD34+); CLP, common lymphoid progenitors (Lin-IL7R +Flt3+Sca-1/c-Kitlo); LSK (Lin-Sca-

1+c-Kit+); MPPs, Multipotent progenitors (CD34+Flt3+LSKs); ST-HSCs, Flt3-CD48-CD150-LSKs; LT-HSCs, Flt3-

CD48-CD150+LSKs) (means ± SD, n =9-10, 9w)  

(I-J) p53+/+ p53 MSC LT-HSC (Flt3-CD48-CD150+LSKs)

( ) T , B , 

(Myeloid) (I) (J) (means ± SD, n =9-10, 9w)  

1 *p < 0.05 **p < 0.01  
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2.3.3 MSC p53  

p53 MSC

, (4Gy) , 

(1 ) , p53+/+ p53 MSC MSC

FACS , 

, p53+/+ MSC (Blood cell; BC), 

(Endothelial cell; EC) p53 ,  p53 MSC 

MSC p53 ( 2.3.3 A-C) MSC

, qPCR LepR, CXCL12, Vcam1 , p53

( 2.3.3 D) , 

, (WBC), (PLT), (RBC) , T , B , 

(Myeloid) , p53 MSC 

, 2 (4Gy) p53+/+ p53 MSC 

( 2.3.3 E F)  

1 p53+/+

p53 MSC , HSC

, ( 2.3.2)

, MSC p53
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2.3.3. p53 MSC  

(A) C57BL6 (4Gy) , 1, 4, 16 MSC (CD45-Ter119-CD31-

CD140a+LepR+ MSC), BC (CD45+ blood cell), EC (CD45-Ter119-CD31+ EC) p53

(anti-mouse IgG)  (mean ± SD, n=5-8 each, 13w)  

(B-C) (4Gy) 1 p53+/+ p p53 MSC MSC, BC, EC

p53 (B) (C)  

(D) (4Gy) 4 p53+/+ p53 MSC MSC , LepR, CXCL12, 

Vcam1 p53+/+ MSC  (mean ± SD, n = 4 technical replicates, 11w)  

(E) (4Gy) , p53+/+ p53 MSC , 

(WBC), (RBC), (PLT) 1 70 (4Gy)

, , , (n = 9-13, 10-15w) 

(F) (4Gy) , p53+/+ p53 MSC , T , B

, (Myeloid) 1 70 (4Gy) , 

T , B , (n = 9-13, 10-15w) 

1 *p < 0.05 **p < 0.01  
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2.3.2. 

(A) 1 p53+/+ p53 MSC  (Hematopoietic stem/progenitor 

cells; HSPCs)  (LKS-, Lin-Sca-1-c-Kit+; CMPs, common myeloid progenitors (Lin-IL7R -Sca-1-c-

Kit+CD16/32-CD34+); MEP, megakaryocyte-erythroid progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32-CD34-); 

GMPs, granulocyte-monocyte progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32+CD34+); CLP, common lymphoid 

progenitors (Lin-IL7R +Flt3+Sca-1/c-Kitlo); LSK (Lin-Sca-1+c-Kit+); MPPs, Multipotent progenitors 

(CD34+Flt3+LSKs); ST-HSCs, CD34+Flt3-LSKs; LT-HSCs, CD34-Flt3-LSKs) (means ± SD, n = 4, 47-59w)  

(B) 1 p53+/ p53 MSC (BM), (SP), (means ± SD, n 

= 4, 47-59w)  

(C-D) 1 p53+/+ p53 MSC  (C)  (D) (B, B220+ B 

cells; CD4, CD4+ T cells; CD8, CD8+ T cells; Gra, Mac-1+Gr-1hi Granulocytes; Mac, Mac-1+Gr-1lo Macrophages) 

(means ± SD, n = 4, 47-59w)  

(E) 1 p53+/+ p53 MSC (SP) (LKS-, Lin-Sca-1-c-Kit+; 

CMPs, common myeloid progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32-CD34+); MEP, megakaryocyte-erythroid 

progenitors (Lin-IL7R -Sca-1-c-Kit+CD16/32-CD34-); GMPs, granulocyte-monocyte progenitors (Lin-IL7R -Sca-

1-c-Kit+CD16/32+CD34+); CLP, common lymphoid progenitors (Lin-IL7R +Flt3+Sca-1/c-Kitlo); LSK (Lin-Sca-

1+c-Kit+); MPPs, Multipotent progenitors (CD34+Flt3+LSKs); ST-HSCs, Flt3-CD48-CD150-LSKs; LT-HSCs, Flt3-

CD48-CD150+LSKs) (means ± SD, n = 4, 47-59w)  

(F) 1 p53+/+ p53 MSC  (DN, CD4-CD8- double negative 

cells; DP, CD4+CD8+ double positive cells; CD4, CD4+ T cells; CD8, CD8+ T cells; DN1, CD44+CD25- DN cells; 

DN2, CD44+CD25+ DN cells; DN3, CD44-D25+ DN cells; DN4, CD44-CD25- DN cells) (means ± SD, n = 4, 47-

59w)  

(G) 1 p53+/+ p53 MSC LT-HSC (Flt3-CD48-CD150+LSKs)

(WBC), (RBC), (PLT) (means ± SD, n = 7-21)  

(H-I) 1 p53+/+ p53  LT-HSC (Flt3-CD48-CD150+LSKs)

( ) T , B , 

(Myeloid) (H)  (I)  (means ± SD, n = 7-21)  

1 *p < 0.05 **p < 0.01  
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2.3.4 MSC p53 MSC (USTS)  

 MSC p53 HSC , 

( )MSC

, MSC p53

(142, 143) , 

p53 MSC ,  ( 2.3.4 A)

, ( 2.3.4 

B) , 

( 2.3.4 C-F), 

,  ( 2.3.4 C-E) , , 

 ( 2.3.4 G-H)

, Vimentin

, CD31 alpha smooth muscle actin ( SMA), S100 

calcium-binding protein A4 (S100A4) ( 2.3.4 I data 

not shown) (164-167) , p53 MSC 

(8 )  

(Undifferentiated soft tissue sarcoma; USTS)  ( 2.3.4 J) 20%

 ( 2.3.4 J-M) , p53 USTS

MSC  
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2.3.4. MSC p53 (USTS)  

(A) p53+/+ p53 MSC  (n = 38-50)  

(B) USTS p53 MSC (22w) ( ) p53 USTS HE

( )  

(C-H) p53 MSC USTS  

(I) p53 USTS CD31 ( ) Vimentin ( )

DAPI( )  

(J) p53 MSC  (n 10)  

(K-M) p53 MSC  

(Sorimachi et al., Stem Cell Reports. 2023 ) 
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2.3.5 p53 MSC  

, , 

p53 MSC

, p53+/+ p53 MSC MSC

Ki67 Hoechst33342

FACS , p53  MSC G0 ( )

, SG2M ( ) , 

( 2.3.5 A-B 2.3.3 A) , p53

(CD31+ EC) (CD45+ BC)

, MSC ( 2.3.3 B C) , p53  MSC

, p53+/+ p53 MSC MSC in vitro

, p53  MSC p53+/+MSC

( 2.3.5 C) , 

seahorse XF analyzer , 

(Oxygen consumption rate; OCR)

(Extracellular acidification rate; ECAR)

p53  MSC ( 2.3.5 D-F)  

, p53 MSC p53+/+ MSC, p53  MSC, 

p53 MSC USTS bulk RNA sequence (RNA-seq) PCA

, p53 USTS p53+/+ p53  MSC

( 2.3.3 D) PC1

GO , PC1

, ( 2.3.3 E-F) , 

GSVA p53+/+ MSC, p53  MSC, p53  USTS 3

( 2.3.3 G-L) DNA p53+/+ MSC

p53  MSC , p53 MSC DNA

( 2.3.3 G J) p53  USTS KRAS

MYC p53+/+ MSC p53  MSC

( 2.3.3 H-I K-L) , GSEA

p53+/+ MSC p53  MSC

( 2.3.3 M N) , MSC , p53

, , MSC
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2.3.6 p53 MSC  

, , 

(168, 169)  , p53  MSC , in vitro

, p53+/+MSC p53  MSC

( 2.3.5 G-H) CT p53+/+ p53 MSC

, , (31-

45 ) p53+/+ p53 MSC (

2.3.5 I-K) (9, 15) , CXCL12highSCFhigh MSC

”COMMON MSC markers” GSEA , 

p53+/+MSC p53  MSC , p53  USTS

( 2.3.5 L-N) , p53 , MSC
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2.3.5. p53 MSC , ,  

(A-B) p53+/+ p53 MSC MSC(CD45-Ter119-CD31-CD140a+LepR+) Ki67

Hoechst33342 FACS plot (A) MSC

(B)  (mean±SD, n = 3, 36w; 1 )  

(C) p53+/+ p53 MSC MSC in vitro 8 p53+/+

p53 MSC ( ) ( ) 1 (n 

= 1; 3 , )  

(D-F) p53+/+ p53 MSC MSC Seahorse XF mitochondria stress test OCR(D)

ECAR(E) Basal OCR maximal OCR Seahorse

Energy map (F) (mean±SD, n = 4-5, technical replicate; 2

, )  

(G) p53+/+ p53 MSC MSC Oil red O ( )

( ) (mean±SD, n = 3, technical replicate)  

(H) p53+/+ p53 MSC MSC Alizarin red ( )

( ) (mean±SD, n = 3, technical replicate)  

(I-K) (8-13w) (31-45w) p53+/+ p53 MSC 3 CT

( : , : ) (I) (J) (K) , 0.5mm

1mm (mean±SD, n = 7-8; 2

)  

(L-N) p53+/+ MSC vs p53  MSC (L), p53 MSC vs p53  USTS (M), p53+/+ MSC vs p53  USTS (N) 

MSC GSEA plot  

(Sorimachi et al., Stem Cell Reports. 2023 ) 
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2.3.3.  

(A) p53+/+ p53 MSC MSC(CD45-Ter119-CD31-CD140a+LepR+ ) EC(CD45-Ter119-

CD31+) FACS plot  

(B) p53+/+ p53 MSC blood cell (BC, CD45+) EC(CD45-Ter119-CD31+) Ki67

Hoechst33342  (mean±SD, n = 3, 36w; 3

, )  

(C) p53+/+ p53 MSC MSC(CD45-Ter119-CD31-CD140a+LepR+ ), blood cell (BC, CD45+)

EC(CD45-Ter119-CD31+) Ki67 hoechst33342  (mean±SD, n = 3, 8w; 

1 )  

(D) p53+/+ MSC, p53  MSC, p53  USTS PCA plot  

(E-F) (D) , PC1 (E) (F) GO  

(G-I) p53+/+ MSC, p53  MSC, p53  USTS GSVA volcano plot

p53+/+ MSC vs p53  MSC (G), p53 MSC vs p53  USTS (H), p53+/+ MSC vs p53  USTS (I)

 

(J-L) (G-I) , p53+/+ MSC vs p53  MSC (J), p53 MSC vs p53  USTS (K), p53+/+ MSC vs p53  USTS 

(L) X : p53+/+ MSC, p53  MSC, 

p53  USTS  ( , , ) Y : GSVA

enrichment score Z-score 

normalization , ( )

 

(M-N) p53+/+ MSC p53  MSC (O)

GSEA plot  

(O) p53+/+ MSC, p53  MSC, p53  USTS MSC ( 2.3.5 )

X : p53+/+ MSC, p53  MSC, p53  USTS  ( , , 

) Y : 2.3.5 , “COMMON MSC markers” , p53+/+ MSC, 

p53  MSC, p53  USTS

Z-score normalization , ( )

 

(Sorimachi et al., Stem Cell Reports. 2023 ) 
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2.3.7 p53 MSC USTS (STS)

 

p53 MSC USTS , 

(Soft tissue sarcoma; STS) , 

2

USTS STS  

, National Cancer Institute (NCI) Genomic Data 

Commons (GDC) data portal 117 RNA-seq data

6 STS

:  (fibromatous neoplasm; Fib),  (Myomatous neoplasm; Myo), 

 (Lipomatous neoplasm; Lipo),  (Synovial neoplasm; Syn), 

 (Nerve sheath tumor; Nerve),  (soft 

tissue tumor not otherwise specified; NOS) , 

p53 2

( 2.3.6 A) , NOS, Fib, Lipo

, 3

 ( 2.3.6 A) p53 Fib, Myo, NOS ( 2.3.6 A

B) , p53

( 2.3.4 A-D) , , 

p53  USTS , 

, p53+/+ MSC, p53  MSC, p53  USTS 3 GSEA

, Fib NOS p53+/+ MSC

p53  USTS ( 2.3.6 C) , Myo

Syn p53  USTS (data not 

shown) p53+/+ MSC , p53  MSC NOS

( 2.3.4 E-H) , integrin 

alpha M (ITGAM) S100 calcium binding protein A10 (S100A10) , p53+/+ MSC

p53  MSC ( 2.3.6 D E) p53  MSC MSC

( 2.3.5 L-N) , p53  MSC

, MSC , , 

p53  USTS

, p53  MSC
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2.3.6. p53  USTS STS  

(A) 6 100

National Cancer Institute of Health (NIH) Genomic Data Commons (GDC) data porta

X : NCI GDC Data Portal

p53 ( : , :p53 ) Y : 

top50 Z-score normalization

, ( )  

(B) p53  

(C) p53+/+ MSC, p53  MSC, p53  USTS , Fib NOS

GSEA plot  

(D-E) p53+/+ MSC, p53  MSC, p53  USTS , Fib (D) NOS 

(E)   

p53+/+ MSC, p53  MSC, p53  USTS  ( , , ) Y : Fib

NOS Z-score normalization , (

)  

(Sorimachi et al., Stem Cell Reports. 2023 ) 
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2.3.4.  

(A-D) p53 STS 3 ( ) 2 ( , 

) PCA plot NOS, soft tissue tumor not otherwise specified (A); Fib, Fibromatous neoplasm (B), 

Myo, Myomatous neoplasm (C); All, NOS, Fib, Lipo, Myo  (D)  

(E-H) p53+/+ MSC, p53  MSC, p53  USTS Fib NOS

GSEA plot  

(Sorimachi et al., Stem Cell Reports. 2023 ) 
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2.3.8 p53 MSC USTS (STS)

 

p53  USTS

, 

10 p53  USTS 1760

(SNP) , 

( 2.3.7 A B) SNP

C>T T>C ( 2.3.7 C) 171

, 10 Nlrp1b, Nlrp1a, Obscn, Ugt1a6a, 

Gm13251, Vmn2r115, Olfr320, Olfr316, Muc4, Sp140 ( 2.3.7 D-F)

10 , 5 ( 50 )

40 ( 2.3.5 A) STS

, cBioPortal TCGA data set “Adult Soft Tissue Sarcomas (Comprehensive 

and Integrated Genomic Characterization of Adult Soft Tissue Sarcomas, 2017)”

, TTN, MUC4, OBSCN, PRKDC, SCN9A , p53  USTS

STS ( 2.3.5 A B) p53  

USTS COSMIC database

, p53  USTS 25

, BRCA2 ERBB3 BRAF NRAS

 ( 2.3.7 G) (BRAF

NRAS) , , STS

 ( 2.3.7 H 2.3.5 C-D) (170)  

STS (Tortal mutation burden; TMB)

(171) STS p53  USTS TMB

(172) , STS (LUAC)

(SKMC) TMB ( 2.3.5 E)

p53  USTS TMB , p53

( 2.3.5 E)  

, p53  USTS STS

, BRCA2, ERBB2, NRAS, BRAF , p53

MSC  
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2.3.7. p53  USTS STS  

(A-C) p53  USTS Variant 

class (A), variant type (B), SNV class (C) DEL: , INS: , SNP: , SNV: 

 

(D-E) p53  USTS (D) (E)

(A)  

(F) p53  USTS top10 (A)  

(G) p53  USTS , COSMIC database

Oncoplot 1 p53  USTS

, 1 , 

, , 

 

(H STS , (G)

oncoplot cBioPortal database

,  

(Sorimachi et al., Stem Cell Reports. 2023 ) 
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2.3.5  

(A-C) p53  USTS , 50% (10 5 )

Oncoplot , 

, , 

 

(B STS Oncoplot cBioPortal database

, 

 

(C) p53  USTS BRCA2 ERBB3 lollipop plot  

(D p53  USTS STS BRAF KRAS lollipop plot  

(E) TCGA database 33 TMB  LAML, Acute myeloid leukemia 

( ); PCPG, Pheochromocytoma and paraganglioma ( ); THCA, 

Thyroid carcinoma ( ); UVM, Uveal melanoma ( ); TGCT, Testicular germ cell tumors 

( ); THYM, Thymoma ( ); KICH, Kidney chromophobe ( ); ACC, 

Adrenocortical carcinoma ( ); LGG, Brain lower grade glioma ( ); MESO, 

Mesothelioma ( ); PRAD, Prostate adenocarcinoma ( ); PAAD, Pancreatic adenocarcinoma 

( ); BRCA, Breast invasive carcinoma ( ); SARC, Sarcoma ( ); CHOL, 

Cholangiocarcinoma ( ); UCS, Uterine carcinosarcoma ( ); GBM, Glioblastoma 

multiforme ( ); KIRC, Kidney renal clear cell carcinoma ( ); KIRP, Kidney renal 

papillary cell carcinoma ( ); OV, Ovarian serous cystadenocarcinoma ( ); 

UCEC, Uterine corpus endometrial carcinoma ( ); LIHC, Liver hepatocellular carcinoma (

); CESC, Cervical squamous cell carcinoma and endocervical adenocarcinoma (

); READ, Rectum adenocarcinoma ( ); ESCA, Esophageal carcinoma 

( ); HNSC, Head and neck squamous cell carcinoma ( ); DLBC, Lymphoid 

neoplasm diffuse large B-cell lymphoma ( B ); STAD, 

Stomach adenocarcinoma ( ); COAD, Colon adenocarcinoma ( ); BLCA, Bladder urothelial 

carcinoma ( ); LUAD, Lung adenocarcinoma ( ); LUSC, Lung squamous cell 

carcinoma ( ); SKCM, Skin cutaneous melanoma ( ); TMB, Tumor mutational burden. 

(Sorimachi et al., Stem Cell Reports. 2023 ) 
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2.3.9 STS  

, MSC p53 USTS STS

, , STS , 

, 

( 2.3.6 A)

, , , 

, 

Seurat

, Uniform Manifold Approximation and Projection (UMAP)

( 2.3.8 A B) 6 (cluster 0-5)

, Myo Syn , 

( cluster 4 5)  ( 2.3.8 A-C) Fib NOS Lipo

, 

0 3  ( 2.3.8 A-D)

, Cluster 0 , MSC

TGF R3, EBF1 EBF3 ( 2.3.8 E 2.3.6 

A) (173-175) Cluster 1 , COL1A1, COL16A1, MMP13, COL1A2, 

RUNX2 , cluster 4 , LMO1, MYLK, CNN1

( 2.3.8 E 2.3.6 A) , cluster2 FOSL1

(SERPINE1 SERPINB7) , cluster 3

SNX20 (CD48 UNC13D CORO1A) ( 2.3.8 E

2.3.6 A) , , 

Cluster 0 , cluster 1 2

 (cluster 1 vs. cluster 0: p<0.025, HR=3.52 (95 CI, 1.119-11.07); cluster 2 vs. cluster 0: 

p<0.026, HR=2.96 (95 CI, 1.165-12.37)) ( 2.3.8 F) , 

 

, p53  USTS cluster marker

GSEA , p53+/+ MSC p53  USTS cluster 0, 3, 5

( 2.3.8 G-I) , STS p53  USTS 

, Seurat UMAP , p53  USTS cluster

, cluster ( 2.3.6 B-D)

p53  USTS STS , STS

 

, STS

, p53 MSC STS  
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2.3.8. STS  

(A-B) STS UMAP plot Cluster plot (A) STS

plot (B)  

(C) (A)  

(D) (A) X : STS

Y : Seurat

Z-score normalization , ( )  

(E) STS violin plot  

(F) (A)  (cluster 0~5, n=27, 25, 21, 17, 16, 13)  

(G-I) p53+/+ MSC p53 USTS , cluster 0,3,5 GSEA plot  

(Sorimachi et al., Stem Cell Reports. 2023 ) 
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2.3.6  

(A-B) UMAP plot  

(B-D) STS p53 USTS UMAP plot Seurat

5 (cluster 0-4) (B) , 

p53 USTS ,  (C)  

(D)  

(Sorimachi et al., Stem Cell Reports. 2023 ) 
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2.4  

MSC , 

HSC

MSC , , 

, 

, MSC single-cell RNA-seq , 

MSC p53 ( 2.3.1

2.3.1)  

p53 , , , , , DNA damage

, ATM , p21 Bax, Puma

, p53 , 

, , , 

(82, 176-178) MSC p53

, cell line , 

MSC  

, p53 MSC (Prrx1-Cre(+)::Trp53fl/f; p53 MSC 

) , MSC p53

p53 MSC , 

p53  

 

2.4.1 p53 MSC  

MSC p53 , p53

MSC p53 MSC

MSC  

, p53 MSC MSC , 

( 2.3.2A-C) , 

, p53 MSC , 

 (Hematopoietic stem/progenitor cell; HSPC)

( 2.3.2 D-J) , p53 MSC

 

, p53 , , p53

, 

p53 MSC MSC

, 2

, (4Gy) , MSC
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, p53 MSC

, ( 2.3.3) (1 )

p53+/+ p53 MSC MSC ,

( 2.3.2)

, , p53 MSC

2 p53 MSC

, p53

1 2 ( ) MSC

2.4.2 MSC p53

p53 MSC , MSC

MSC p53

(51, 142, 143)

p53 MSC , 

(USTS) ( 2.3.4)

Cre

, 

, , CDH11 ( : 

“osteoblast” (OB)-cadherin) (179, 

180) ( 2.4.1) p53 MSC

, USTS

, 

MSC (34, 138) , p53 MSC

2.4.1. CDH11 ( )
( STS )
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, CT , p53  MSC

, ,  ( 2.3.5 A-C G-

K) p53 MSC , 

, p53 TWIST2 MSC

, 

(153, 181, 182)

, p53  MSC , MSC

Foxc1, Ebf3, Runx2 (175, 183) ( 2.3.5 

L-N 2.3.3 O)  , p53  MSC

MSC

p53 (153, 184-186) , 

MSC  

, p53 MSC

, p53  

 

, “p53 MSC ”

, p53 , MSC

, p53 MSC

, MSC

( , ) , 

p53 MSC

p53 MSC

, p53 , 

p53 , p53 MSC

, MSC p53

5  

 

(1) MSC MSC p53  

(2) p53 ( ), MSC

 

(3) p53 MSC , p53 MSC

(USTS)  

(4) p53 MSC P53 MSC

, , , , 

”MSC ”  

(5) MSC p53  (p53
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) , p53

MSC

 

 

2.4.3 p53 MSC p53  USTS STS  

, p53 MSC USTS (p53  USTS)

STS

, 

p53  USTS STS

, STS, fibromatous neoplasm (Fib)

soft tissue tumor not otherwise specified (NOS) p53  

USTS ( 2.3.6 C-E) , ITGAM

S100A10 p53  MSC , 

( 2.3.6 D E) NOS

p53+/+ MSC p53  MSC , p53  MSC

 ( 2.3.4 H) Fib

p53+/+ MSC p53  MSC , 

p53 , 

, 2.3.7 2.3.5 second hit

, p53 MSC

USTS , STS

STS , 

STS USTS (139) p53  USTS

, STS

enrich ( 2.3.6 C-E)  

p53  USTS STS p53  USTS

BRCA2, ERBB3, BRAF, KRAS , 

STS ( 2.3.7 G-H, 2.3.5 

C-D) MSC

, p53  USTS 5 TTN, MUC4, OBSCN, 

PRKDC, SCN9A , STS ( 2.3.5 A

B) p53  USTS STS

RNA-seq , 

p53  USTS STS , p53 MSC STS

 

, STS , 
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STS , ,

, 

, 117 STS RNA-seq 

data UMAP , 6

( 2.3.8 A-D) , (COL1A1 )

(MYLK ) , 

( 2.3.8 E)

, 

, ( 2.3.8 F) , 

p53 USTS STS RNA-seq UMAP , p53 USTS

STS , STS p53 USTS 

( 2.3.6 B-D)

, , MSC p53

, STS p53 USTS ( 2.4.2)

, , 

STS

2.5 Limitation of study

RNA-seq , Seurat

FindIntegrationAnchors (https://satijalab.org/seurat/reference/findintegrationanchors)

, 

, 

2.4.2. 



124 
 

 

2.6 Data availability 

RNA-seq single-cell RNA-seq , NCBI Gene Expression 

Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/) Bulk RNA-

seq GSE226843, single-cell RNA-seq GSE226845 RNA-seq exome 

sequence NCBI Bio Project (https://www.ncbi.nlm.nih.gov/bioproject) 

(PRJNA935829) software , 

GitHub (https://github.com/takubo-lab/p53_MSC)  
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