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Genetic Predisposition to Diabetic Nephropathy

Nobue TANAKA, Tetsuya BABAZONO and Yasuhiko IWAMOTO
Department of Medicine III, Tokyo Women’s Medical University School of Medicine

Diabetic nephropathy is the most frequent cause of end-stage renal disease. Some epidemiological studies
have shown that both environmental and genetic factors lead to the progression of diabetic nephropathy. In par-
ticular, the evidence of a familial clustering of nephropathy in siblings with diabetes suggests the important role
of genetic susceptibility in the pathogenesis of diabetic nephropathy.

A frequent method in genetic research is a case-control analysis using the candidate gene approach, a num-
ber of studies using this approach have assessed the predictable genes for diabetic nephropathy. Meanwhile, a
whole genome linkage analysis requires great effort and costs, only a few studies of those have been performed.

As a result of the development of the genotyping technique, a genome-wide association study (GWAS) has
become available recently. The GWAS identified several susceptibility genes for diabetic nephropathy; single nu-
cleotide polymorphisms of the solute carrier family 12 (sodium-chloride cotransporter) member 3 (SLC12A3), en-
gulfment and cell motility 1 (ELMO1), nurocalcin delta (NCALD) and acetyl-coenzyme A carboxylase beta
(ACACB) were all found to be strongly associated with diabetic nephropathy.

This suggests that the identification of genetic predisposition for diabetic nephropathy be an important fac-
tor in improving current therapies for diabetic patients.

Key Words: diabetic nephropathy, end-stage renal disease, genetic susceptibility, single nucleotide polymor-
phism, genome-wide association study
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Table 1 Methods to identify genetic susceptibility to
common diseases

1. Candidate gene approach (Functional cloning)
Case-control analysis
Transmission/disequilibrium test (TDT)

2. Linkage analysis (Positional cloning)
Affected/discordant sib-pair linkage analysis

3. Systematic association study
Genome-wide association study (GWAS)

—FFERREBE R B L TWABEIZBWT,

M5 DBERAERED, BRELZFBIE L TR W
TWERELEBLTE koL LTWE. DX
) RRBENEREICL Y, BERBETEOFRIEIZIZ
BERFIPELTWAWREIRB I N TWEY.

2. ERRUEERBEERGFOREE

EREBERETORBICIIML ZHESAVON
Tw5 (Tablel). BH L T 5 BIZFLE % BT
3 5 R B AE T BT (candidate gene approach) i,
REMEEETARET A LTINT THROBHS
NTWAFETH L. BT, EEEBRPLERIRIIZIC
IVEREOBENEL PR TWAERETF N
KLLTRBY, KER - HREEZHVWES—2 -3
v Mo — VEHT (case control study) & BEEB &
OZF0EZ R IAZERFE 7 A b (transmission
disequilibrium test : TDT) #%® % (Fig.1-1). HE
WEEICITZ A HETH D5, BROMFL LT
N ETH SIS SN AW ENIT R OFEEHMIC
BEB7:0, RAORAFZRET SHICIEZELRW
—7, @8 (linkage analysis) DR ¥ 3+
7 1 —=>% (positional cloning) 1%, BERA (af-
fected sib-pair) & 5%\ ZIERE AR AL (discordant sib-
pair) L ZOEERNFE L, &7 A5 T HEH
EPRETAHILICLY, REAMERZTEZRETS
FETH 5 (Fig. 1-2). Z OESEBITCHRREGT V&
I— ¥ 3 VA% (systemic association study) T %
& ) A AF ¥ v (genome-wide association study)
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Fig. 1 The methods of statistical analysis and choic-
es of the subjects in order to assess susceptibility
genes for common diseases
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Fig. 2 The environmental and genetic factors associ-
ated with the progression of diabetic nephropathy
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LHEEFE (angiotensinI converting enzyme : ACE)
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Table 2 Representative candidate genes for diabetic nephropathy

Genes

Lipid metabolism
Cytokine signals

Apolipoprotein E (Apo E)
Protein kinase C-beta (PKC-B)

Transforming growth factor-beta (TGF-)

Renin-angiotensin system

Angotensin-I converting enzyme (ACE)

Angiotensinogen

Angiotensin II type I recepter

Angiotensin
Others Aldose reductase
Superoxide dismutase (SOD)
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2) fREAFET A b

MErENFEIrRETH L7720, HHAIA TS
FETE WD, REAFHE T A b (transmission
disequilibrium test : TDT) {3, HE DBIZT & AT
T259 120KETHS. Zhid, BELTVA
Wl & FuE T h B T OBIRFARERE © X
BIEIZEY RELOBELZRETTHHIETH 5.
Araki 5k, ZOFEEZHWT ApoE Bl FEH L
PERRERE & OBEE IOV THRE L Tw 3.

3) 7 LTA VIR

(1) REFRM % v 723814 (linkage analysis)
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VBV ERM 5N T 5%, Imperatore & i,
Pima Indian 59 RRAIICBWTH03 D<A Z a7 3
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Gefa RICBHE IO U CORBBZ M 2R T2 30
T2 LTwa™,

F 72, Moczulski 5 1 discordant sib-pair % v 7z
sib-TDT 12 & D BERBUEIE L BMED D 2 BIZH

FERE LTS, 53 REEREMOM 20 cM O
BWICHVRERZME R L2 LTWwB A (maxi-
mum LOD=31)%®, ZOHEIBICIE, BHEDEEHE
BIETOBEMEBETO1DO2THET VIV T Iy
I %74k (ATIR) BEFFEENTE D, HIREN
HEREDO1DOTH 5.

B, EERERIRR R L IEERFR RSB 5
JRET VT I M E OREE % MG L 72 B EHAT A3
Hanhsz. %5 (LOD=34), %7 (LOD=31), %
22 (LOD =37) JefMIzimv e Bk % R 3 5
RO S, HERFVEEREFSRE D H 72 7 fiaiis &
L T s nie®.

L L%ds, 2089 EgET» 58PS
RRIZ, WET7 L EOBRRHEHE RTINS
{, EEOBMB L ORMBEFVEETN TS,
Z DL OBIZT O D YR OEET % R B
BEFELTRAET S LIIRERETHY, 4H
FTCIKDTHPOREICRELN TN E.

(2) Genome-wide association study (GWAS)

Bices /) AEFIOMHIZIZIIRTL, Thboo
Bz b LI, BMBERERTUINORMEIET & OB
BRER AT LD WRE R TETWVA.
F72, BEEFLEICE 42703754 %
VNTR % &EDI =% 554 I, %7 insertion/dele-
tion %z EDH 5N T W B, EE—HEHSLH (single
nucleotide polymorphism : SNP) V& fzT4/ & L
THEHSNTWS. SNPidk M7/ & LR BHHE
CHETHLETHY, REFEEERTFREDOT—
H—L LTEHENIZLOTALY. —F, ¥—7
IV ADEMEESRRLH Ly 4 ¥ ¥ FEORZIC
L), ERETRECBIMTAS L) ko7

Z D &) RIFNTHA ORI, BIETFL RO
FEMYFENT, genome-wide association study (GWAS)
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Table 3 Susceptibility genes to diabetic nephropathy which were identified

by GWAS in Japan

Gene name Gene product

SLC12A3 Thiazide-sensitive sodium-chloride co-transporter

ELMO1 Engulfment and cell motility 1

NCALD Neurocalcin &

ACACB Acetyl-coenzyme A carboxylase B

KCNQ1 Potassium voltage-gated channel, KQT-like subfamily member 1

Solute Carrier Family 12 (sodium/chloride) member 3, Thiazide-sensitive sodium-chlo-
ride co-transporter (SLC12A3)2Y, Engulfment and cell motility 1 (ELMO1)??, Neurocalcin
delta (NCALD)®), Acetyl-coenzyme A carboxylase beta (ACACB)®, KCNQ1 (potassium
voltage-gated channel, KQT-like subfamily member 1) was found to be one of the new
candidate genes for type 2 diabetes by another cohort of GWAS. The association of dia-
betic nephropathy with KCNQI gene was identified by a case-control analysis.

NTWB?™? FEAENCIBWTIE, 2000 FICFERL
723V T A A Tuda s bO—REL
T, WS OPDEBIZOWTHRE W ThhTB ), 4
PRI B ER BEEER T ICH L TH I Thbh
72, ERBREFEDr —AB X3 v bu— )£ A
ERE LIRAZ ) == 7L LTH 8T SNP O
MO Thh, BB L UL &%  OFEMERR
FHRE S Nz, Z DEDIFNT DFER, solute carrier
family 12 (sodium/chloride) member 3, thiazide-
sensitive sodium-chloride co-transporter (SLC12A3)%,
engulfment and cell motility 1 (ELMO1)®, neurocal-
cin delta (NCALD)* 3 X UF acetyl-coenzyme A car-
boxylase beta(ACACB) P&z ¥ 7%, T L TITHH
BERRETEREERT L LTRESINTWw 5 (Ta-
ble3). ¥/, 2BIERBEZNZ L L7z GWAS IZ &
D LM ENT: 2 BERFEEEEFDO 1 DOTH
% KCNQI1 (potassium voltage-gated channel, KQT-
like subfamily member 1, KEBMARGFEMEF ¥ V) 28,
FOHOI— - 3 ¥ ba— VIR & 0 BEREYE
BOECS L CRE S 2 BT & LThIkES Y.

3. &P E ICPH T B genome-wide association
study (GWAS) FAFIC & WEAS I & h /- HER R
EERERERBEDTF

1) SLC12A3

SLC12A3 BInF13, BEARME CIFRICHER
TBHA 7 A FEEZM Na-Cl kA0 RET T
HY, FOERII Gitelman FEBEFEE LT HABENT
WaY, ZOBEFOT I BER LMD SNP
(exon23+ 78, Arg913Gln) i, R M BERE S I B
WTHBRKZOHE NS o/l b (=
185, p=0.00002, odds ratio 2.53, 95% 18 #8 X 4 : CI
1.64-3.90), & DZEIHSEHRE DFEAE L0 L B H I (@)

L DOTREVPEHEBINRTWS, T, MENIF
FEDOETIZI Db o TWVDE I LIZBRIICUAET L D
mohTBY, BEFRANICESZEL RS Z O
RABEFETEEOBEDLVICELTIE, ERIH
TeNBEIATHA.

2) ELMO1

ELMO1 E&fz T, MEOTR =Y RIZED S
ced-12 DIEFLEMEMK L LTRE SN/ BEF T
HoHA, FTOREIEHLEdTvHESILTVE
\>. Shimazaki 5%, ELMO1 #=ZTFDA ¥ bua i
HAE$ 5 SNP (intron 18 +9170) 2B R R VERHE &
BOWHEHEEZED L ELTWS (=199, p=
0.000008, odds ratio 2.67, 95%CI 1.71-4.16)°. Z D&
BEFERICELTIE, ZOBBCKAZSRE Lol
DHEICBVTHLBELOEDL ) PERINTE
0P FERFRETEDE N BEMERTFEERILON
TWwb. ¥z, ELMO1 Bz FI3E TR Bk Lz
BIZABEPFOOLNTWAEI LD, 5HBELR
BHENC L ) EE L OREMED ) 2FEH IS
LRI NS,

3) NCALD

HWREANY I AEYF— (NCS) 773 —D—
2 T& 5 neurocalcin delta (NCALD) &, & MER
OB ru—= v 7SN BEZFTHY, MHF
(= 2—u )Ml LA BT 2 B
EINTw5, &, —EDO GWAS DfERE LT,
#4x2 ) YHND3 DD SNP (exon 4+999 T/A,
+1307 A/G, rs1131863 : 1340 A/G) & B & D&
DS & N7z (rs1131863 : exon4+1340 A vs G,
p =0.00004, odds ratio 1.59, 95% CI 1.27-198)*. %
72, BEREFEMALIZ BT NCALD OFRBEIFER S 1,
INS5DSNPs DT ¥ £ 72X ) NCALD D&
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FEFREPEBECRT T2 EBRBENE. &5
12, SAEMEBERLE a5 — M2 HWT, Landmark
SNPs & DEEZBHRFT LT 5, BREOER L
DEELZHEN RO SN (AvsG, p=003, odds
ratio 191, 95%CI 1.07-342). 26D L &b,
NCALDWZHE N EREMERETFEEZEAONTWA.
4) ACACB

12 Bk q24 12 AL § 5 acetyl-coenzyme A
carboxylase beta (ACACB) DE{&TEWIX, acetyl-
CoA 75 malonyl-CoA ~EHTAH ANV KF T T —
YCThHb UV REFTHHERFEEICBNT
2y ba— VB L, 4 ¥ ha 18 AD SNP 2%
HFELRBEEAED-ELTWS (rs2268388 : intron
18+4139 C>T, p=14x10", odds ratio 1.61, 95%CI
1.33-196)%. & bicB AH5HE, IEIHME, OB
JOBKAIIA, RHE LEEEEMIC BT
FEFENTWS., EHICZOBEEFICELTE, H
KANOHE ST, o7 VY 7THERLI—T v 3D
Bz e NHIC D72 2HGETA b, I T, 1 BER
RHER b A HEF L LTHWLNRTWA. TOHRR,
1HEICBWTIREREL OB ) FRBDENT, 72,
RPBARELOFELTHEXRBO P22 L
S, 2 BUBEIRIF O FI A B o B W B L 72
BEE(E T CTh B HEEIRIBE SN TS,

5) KCNQ1

ZDEETREDE 1L Yk plss ICALE T 5
KCNQ1 &, 0f5, WE, &, BB L OBICHEHT
LBEKFXANDLIDOTHS. FiTBWTE, EMR
MECMEL, KBEZWHESTLILIZLD, Na
OFWIUCES L Twa L ENTwh,. KCNQT I
KD ) 574 R ;O%%#Léntzﬂ%
RFEEEETO12TH YT, 20k, HERFEE
BRER AT AEMNEHWBITICBNTS, 203
HPEAH S I E N, BEOERICB W TR
MY SR ENT2AS, 15223789 D T 7 L IVAS T MDIE
BIBEIC B W T O BERE CHENE M- 72 (0334
0.27, JBHIFEFIQ @ 0.32 % 0.30, @ : 0.33 % 0.28,® :
0.32 %+ 0.28). X ¥ITIZB VT, oddsratio 1.22,
95%CI 1.10-1.34, #§1E p fE 001 &, rs2237897 O T
7 Lvk 2 BURERRREE OFE & O BICH B B
2RO, PFERREEE & OBEI TR S 7.
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