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Proximal tubule-specific DNA damage-inducing mice (I-Ppol mice) exhibited mild elevation of
tubular markers, weight loss, increased liver free fatty acid content, decreased fat mass, impaired
glucose tolerance, and upregulation of inflammatory cytokines and senescence markers in the
renal cortex, liver, and visceral adipose tissues. Metabolomic analysis revealed mitochondrial
dysfunction with impaired fatty acid metabolism in the kidney cortex and liver. Furthermore, single-
cell RNA-seq analysis showed a marked increase in inflammatory Ly6Chi monocytes and Ccr2hi
CD11c+ macrophages, which contribute to fat accumulation and insulin resistance, in the I-Ppol
renal cortex. Human renal biopsies also demonstrated a positive correlation between PTEC DNA
DSBs and CD11b/CD11c+ cell numbers. MeDIP-Seq analysis of peripheral blood cells identified
DNA hypomethylated regions in the binding sites of KLF9, associated with diabetic complications,
and decreased methylation of GSDMD, linked to macrophage activation. Moreover, macrophages
cultured with I-Ppol-overexpressing PTEC media showed increased inflammatory cytokine and
GSDMD expression, while adipocytes cultured with activated macrophage-conditioned media
exhibited decreased adipocyte differentiation markers and increased KLF9 expression. Exosomes
released from DNA-damaged PTECs showed decreased DNMT1 mRNA, suggesting their potential
role as mediators of DNA methylation changes. Macrophage depletion confirmed that PTEC DNA
damage causes impaired adipocyte differentiation via macrophage activation.

In conclusion, PTEC DNA damage induces systemic metabolic alterations through macrophage
activation and impaired adipocyte differentiation, associated with changes in peripheral blood DNA
methylation. The findings suggest that PTEC DNA damage may promote systemic metabolic
senescence, and targeting macrophage activation and the ensuing inflammatory cascade could be
a promising therapeutic strategy for systemic metabolic disorders.

The research project is progressing smoothly, and further insights are expected to be obtained in
the future.

Notes




Genre

Research Paper

URL

https://koara.lib.keio.ac.jp/xoonips/modules/xoonips/detail.php?koara_id=2023000010-20230277

BREZAZZMERIRD MU (KOARA)CEBE N TLWAR OV TUY OERER. ThTIhOEEE, FLFLEFHRLRTECREL., TOERMGEHEEECELST
RBENTVET, BIACHLE> TR, BEFRELEZETLTIRAEZ L,

The copyrights of content available on the KeiO Associated Repository of Academic resources (KOARA) belong to the respective authors, academic societies, or
publishers/issuers, and these rights are protected by the Japanese Copyright Act. When quoting the content, please follow the Japanese copyright act.



http://www.tcpdf.org

2024F4H10H

20234 ZHREEBS (BEAME) momnssnss

g ESEh RSB S B Bh¥ (B - EEER) 1 000%M
mEREE B (5 A)
K4 =)l ®A K& (3B |Akihito Hishikawa ;

h7sFE (HARE
Bigic BT 5DNABGIEEREIC L 22 5KHERERF DHER

HRERE (&:R)
Elucidation of the association between aberrant DNA damage repair in the kidney and systemic metabolic
alterations

1. HERREEOHE

EALRIERENALDNABIESERE Y YR (I-;Ppolv v R) . RMIEY—H—0BRE LR, hERYD. FEOE#E
FFERS 2 DIEM. RRIFEDRY. MiEkEES. BRE. . NEEIERICS T2 REEY 1 MAM4 VBl UEL
R—Hh—DRBLEFRERLI, XYRO—LEBFTIE. BEREELHEBICS T 2BEHBABESA#SIINIVRNYT
MREREEABE S MC R o7z, £y ¥V JILEIRNA-seqTIE. |-PpolBREICHEWT., BEBIHEREE 1 VR ViEH
MICE 5T 2 REMLY6Chi monocyte& Cer2hi CD11lc+~¥ 2707 7 —YUHNZBICEIML TWE, E NBERT
£. PTEC DNA DSB&CD11b/CD11c+#fifg# & OIEEDHEEAR Sz, KRHEMMAZDMeDIP-Seqf@fTic & W, #E
RIFEHEICEET 2KLFODIESEALICDNADE X FILILSEEARESI N, 207 7 —Y OEMELICEET
5GSDMDD X FILEBET L TWe, £/, |-PpolBRIRRPTECOIBMTHEE LY/ O 77— TREMT A
NH4v&LUGSDMDEIRDEMMN R Sh, Fib~ o007 7 — ORI TIEE L /=B TSRS
b —H—DEAD EKLFOFKIBDEIMA R SN, DNABEEZIF/ZPTECHASKHEINZ T VYV Y —ATIEDNMTT
MRNADSE A L THE Y. DNAX FILEEILDEBENBRENEF THZ I ENRINE, v7077—IREICEY.
PTEC DNAEEEN Y-/ O 77—V DEME L EN L TR A2EE T2 2 & ARSI N,

LAl EK VY, PTEC DNA#EEGIEY /7 O7 7 —Y OFE ML EIEHFMREDEES 2N L TE2EORBEEEFEEIZRI L. X
FEIMDNAX FILEDZEILEFEEL TWE I &N RE Iz, PTEC DNABEI 25O RHEEZILE2EET 2 HREM%
TLTHBY, w7077 —VDEMIEEZFNICHESRENRT— RIZLEORBIBEEICH T 2EELARENERY
S AN REBI N,

R ERTEGIERICER L TEY, SBRLBEADZHMENEOND I ENBA/HIND,
2. MRBRREEOHME (F:R)

Proximal tubule-specific DNA damage-inducing mice (I-Ppol mice) exhibited mild elevation of tubular markers,
weight loss, increased liver free fatty acid content, decreased fat mass, impaired glucose tolerance, and
upregulation of inflammatory cytokines and senescence markers in the renal cortex, liver, and visceral adipose
tissues. Metabolomic analysis revealed mitochondrial dysfunction with impaired fatty acid metabolism in the
kidney cortex and liver. Furthermore, single-cell RNA-seq analysis showed a marked increase in inflammatory,
Ly6Chi monocytes and Ccr2hi CD11c+ macrophages, which contribute to fat accumulation and insulin
resistance, in the I-Ppol renal cortex. Human renal biopsies also demonstrated a positive correlation between
PTEC DNA DSBs and CD11b/CD11c+ cell numbers. MeDIP-Seq analysis of peripheral blood cells identified
DNA hypomethylated regions in the binding sites of KLF9, associated with diabetic complications, and
decreased methylation of GSDMD, linked to macrophage activation. Moreover, macrophages cultured with I-
Ppol-overexpressing PTEC media showed increased inflammatory cytokine and GSDMD expression, while
adipocytes cultured with activated macrophage-conditioned media exhibited decreased adipocyte
differentiation markers and increased KLF9 expression. Exosomes released from DNA-damaged PTECs showed
decreased DNMT1 mRNA, suggesting their potential role as mediators of DNA methylation changes.
Macrophage depletion confirmed that PTEC DNA damage causes impaired adipocyte differentiation via
macrophage activation.

In conclusion, PTEC DNA damage induces systemic metabolic alterations through macrophage activation and
impaired adipocyte differentiation, associated with changes in peripheral blood DNA methylation. The findings
suggest that PTEC DNA damage may promote systemic metabolic senescence, and targeting macrophage
activation and the ensuing inflammatory cascade could be a promising therapeutic strategy for systemic
metabolic disorders.

The research project is progressing smoothly, and further insights are expected to be obtained in the future.
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