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Abstract

FFEERECNET, DNAXFILEREA RNV BHiBEOTIET / AZLOBHEBHRENDHEIC
SEBE L TRELERE L TE = (JCI 2014, Kidney Int 2015 ) » £E-HETIEDNABEEEN TES
JLBUAEEODREO—D2THhad ez, BRFEUEBEETFTIEAVTHSAHAIC L (CellRep 2
019) o AMATR, FEBMEETNTVARIET /LD REFICHEVT, B#EL mRMROD
NAXFILEABEEL TVWB CEIZEB L, BiEODNAERLE - DNAXFILILZE(L & mEKAHAE O DNA
XFIIACOBEERICOVWTHSHIZTR L ZBME L, Rif, ZLARBEITEEZATL
%Epigenetic clock (EC)IF MMEE THREET NEEEFODNAXFILLRILA SETEEnBD
NAXFILLEBRTHY), BHROKRETREN BESC A TVWIHICKDEDNEERZFATHD &N
5, FTECEBHMODNABEBE L DEEZRIFL Iz, HRFHERE X —ZPE26E ( BH165
. ZM108. F#62+10. eGFR 6319 ) ZXRICHEMEZHVWTEPICT L 1 T857 7 FiMCpG
ZEL., BEEOECT % Weidner's

clockZBH LU, TOFER, ECEEFR & AZICHE (r=0.39, p=0.0143 ) L. CKD#E ( eGFR
45-59 ) TIHREC-BF@MABEICEML ., £EMFNEMBE OREN TRE iz, £/, long-
distance PCRIEIC & V) PR B EMIAE ODNAZARSEYIMT (DSB ) 25HMii T2 &, CKDETIEAR R
4 RDSBAEML TH Y, BB TREEFIR KL EEC-BFHR TRENDIENFHN Mk HET
DEMICH2 Iz, UEDOER, RHCKDE EYZEHI M & QREN RRE Wiz, i, RPBE
R ODSBAEMZFHNMBERETEIN—H—ERYSDAEMENI HDEEAS N, SHEH
RRETEMNCELTECHEMEZETFELTVWS,

Prevalence of chronic kidney disease (CKD) is now increasing over the world due to the increase
in the population of diabetes and hypertension patients, and in Japan, one in eight adults has CKD.
There is not an effective therapy for CKD regression, therefore the establishment of novel
strategies for conquering CKD is an urgent issue.

We have investigated the 'memory effect' in lifestyle-related diseases, which is a sustained effect
of a transient treatment or insult, focusing the memory contained in the kidney. Recently we have
demonstrated that epigenetic alterations in glomerular podocytes is involved in the memory effect
in CKD (J Clin Invest 2014, Kidney Int 2015). In addition, the epigenetic alterations are associated
with DNA damage repair, which is related to the pathogenesis of diabetic nephropathy (Cell Rep
2019). In this study, we aimed to clarify the relationship between kidney DNA damage and altered
DNA methylation in blood cells, as the recently reported epigenome-wide analysis suggests the
relationship between renal function and DNA methylation in blood cells. In addition, epigenetic
clock (EC) has recently attracted attention in the field of aging research, which is a DNA
methylation age calculated from DNA methylation levels in critical CpGs identified by machine
learning. Its promotion has been reported in several diseases, but the association with CKD is
unknown. Therefore, we first investigated the relationship between the EC and kidney DNA
damage. We analyzed 850,000 CpG sites by EPIC array using blood samples from 26 patients (16
males and 10 females, age 62+10, eGFR 63+9) who visited the center for preventive medicine of
Keio University Hospital, and calculated ECs. EC (Weider's clock) was significantly correlated with
chronological age (r=0.39, p=0.0143), and EC was significantly increased in the CKD group (eGFR
45-59), suggesting an association with biological aging. Furthermore, evaluation of DNA double-
strand breaks (DSBs) in urine derived cells by long-distance PCR showed increased podocyte
DSBs in the CKD group, which tended to correlate with biological aging rather than chronological
age, especially in men. These results suggest an association between CKD even in early stage
and biological aging. We consider that DSBs of urine derived cells may be a potential marker for
detecting biological aging. Further analysis is planned for patients with advanced CKD.
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Association of kidney DNA damage with the ‘epigenetic age’ based on DNA methylation profiles of blood cells

1. HIREBRFROBE

HEEEILCNET. DNA AFILIEOER MM EMHGEDIES / AT LD BBFEREADEE(STE L TR LS L TE (JCI
2014, Kidney Int 2015) , ¥f-&iA Tl& DNA BIEBENIES /LAZEEBOREAD—DThHA L%, HERFETEETIILEAN
THASMIZLT=(Cell Rep 2019) , AME T, RITMESNTNDRIES /LATARERIZENT, BHaEE MBI D DNA AF)LIE
ABEELTWAIEITEBL., BHEM DNA 1815 -DNA AF)LEZE{L L MERFAAE D DNA AFJLIE DB EMEICDWLWTELMNIZTHIEE
B9 Lt=. S . ZILFZE4EIE T3 B &M TULVS Epigenetic clock (EC) XM E CHEIN-EELEH D DNA AFJLIELAJLH
SHETEEINS DNA AFILILEEHTHY . EHOERETRENRE SN TLNSH CKD LD BELEXTRATHDZEMND, TF EC LEBE
O DNA BB LDOBEELXRE LT, BIRFHEE LV I—FLE 26 2 (B 16 2. X 10 &, F#h 6210, eGFR 63+9) £ X RIC
FRIM&EAZALTEPIC 7LA4T 85 A45FrM CpG ZfZHTL. BXiA D EC T&H S Weidner’ s clock ZEH LT-, TR EC (XEEE
EHEIZHERE (r=0.39, p=0.0143) L, CKD ## (eGFR 45-59) TlX EC-BEEHMNEEICEML . EMFMAINEBEORBEENTEINT =,
FE 1= long-distance PCR ;&IZ kYR %MD DNA Z A EE 18T (DSB) #5fi 5 &. CKD # TIXRKFH A~ DSB A EMLTH
U, BBHETIIEERIVE EC-BEHTRINZEMZLMEEHBETAERIZH T, UL EDHER., BH CKD LEYFRIMES
LOBEENRESNT-, £f-. RPFEMIED DSB AEYEHNMBERHE T 57 —H—LEBYSBAEEE A DI EEZONT-, 5
BB TEMNCELTEICEFTZFTELTNS,

2. MIRERRAEEOBE R

Prevalence of chronic kidney disease (CKD) is now increasing over the world due to the increase in the population of diabetes and
hypertension patients, and in Japan, one in eight adults has CKD. There is not an effective therapy for CKD regression, therefore the
establishment of novel strategies for conquering CKD is an urgent issue.

We have investigated the ‘memory effect’ in lifestyle—related diseases, which is a sustained effect of a transient treatment or insult,
focusing the memory contained in the kidney. Recently we have demonstrated that epigenetic alterations in glomerular podocytes is
involved in the memory effect in CKD (J Clin Invest 2014, Kidney Int 2015). In addition, the epigenetic alterations are associated with
DNA damage repair, which is related to the pathogenesis of diabetic nephropathy (Cell Rep 2019). In this study, we aimed to clarify
the relationship between kidney DNA damage and altered DNA methylation in blood cells, as the recently reported epigenome—wide
analysis suggests the relationship between renal function and DNA methylation in blood cells. In addition, epigenetic clock (EC) has
recently attracted attention in the field of aging research, which is a DNA methylation age calculated from DNA methylation levels in
critical CpGs identified by machine learning. Its promotion has been reported in several diseases, but the association with CKD is
unknown. Therefore, we first investigated the relationship between the EC and kidney DNA damage. We analyzed 850,000 CpG sites
by EPIC array using blood samples from 26 patients (16 males and 10 females, age 62+10, eGFR 63=%+9) who visited the center for
preventive medicine of Keio University Hospital, and calculated ECs. EC (Weider’ s clock) was significantly correlated with
chronological age (r=0.39, p=0.0143), and EC was significantly increased in the CKD group (eGFR 45-59), suggesting an association
with biological aging. Furthermore, evaluation of DNA double—strand breaks (DSBs) in urine derived cells by long—distance PCR
showed increased podocyte DSBs in the CKD group, which tended to correlate with biological aging rather than chronological age,
especially in men. These results suggest an association between CKD even in early stage and biological aging. We consider that DSBs
of urine derived cells may be a potential marker for detecting biological aging. Further analysis is planned for patients with advanced
CKD.
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