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RENAL-PROTECTIVE EFFECT OF SAXAGLIPTIN ON
CHARACTERISTICS OF URINARY ALBUMIN AND URINARY
LIVER-TYPE FATTY ACID BINDING PROTEIN

Kenji NAKAUCHI

Department of Urology, Seiwa Hospital

Background: Recent evidence revealed that inhibitors of dipeptidyl peptidase-4 (DPP—4 inhibitors) may
exhibit a protective effect against diabetic nephropathy. Urinary liver—type fatty acid binding protein
(L-FABP), a renal biomarker, correlates with the severity of tubulointerstitial damage. The ability of renal
biomarkers to reflect the renal protective effect of a DPP—4 inhibitor remains unclear. Therefore, the study
was performed to evaluate the characteristics of urinary albumin and L-FABP as renal biomarkers reflecting
the renal protective effect of a DPP-4 inhibitor in patients with type 2 diabetes and normal renal function or
mild renal impairment.

Patients and methods: Patients with type 2 diabetes patients and normal renal function or mild renal
impairment received the DPP—4 inhibitor saxagliptin for at least 12 weeks and were retrospectively analyzed.
Changes in urinary albumin and L-FABP after administration of saxagliptin and the relevancy of both
biomarkers were evaluated.

Results: The subjects were 17 patients with type 2 diabetes. Data obtained before treatment were median
age, 70 years; HbAlc, 6.8%; estimated glomerular filtration rate, 80.5 mL/min/1.73m?; urinary albumin, 6.56
mg/g creatinine; and L-FABP, 2.13 pg/g creatinine. After treatment with saxagliptin, significant decreases
were observed: blood glucose, —24.4% (p=0.0027); HbAlc, —~12.9% (p=0.003); and urinary albumin, —21.3%
(p=0.0002). However, the decrease in L-FABP (-3.8%) was not significant. A significant correlation was
found between urinary albumin and L-FABP, and multivariate regression analysis showed that urinary
albumin and L-FABP were significant variables for each other before treatment with saxagliptin. However,
these relationships disappeared after treatment.

Conclusion: The present study indicates that L-FABP does not, with sensitively, reflect the renal
protective effect of a DPP—4 inhibitor in patients with type 2 diabetes and normal renal function or mild renal
impairment.

(Tokyo Jikeikai Medical Journal 2017;132:37-44)
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Table 1. Patients background

n 17
Age, median [IQR] 70 [63.5, 84.5]
Gender (men), n (%) 9 (52.9%)

Body weight (kg), median [IQR]

64.8 [52.5, 70.6]

SBP (mmHg), median [IQR]

134116, 151]

DBP (mmHg), median [IQR] 70 [66, 83]
Blood glucose (mg/dL), median [IQR] 184 [125.5, 319.5]
HbAlc (%), median [IQR] 6.8 [6.3,9.1]

TC (mg/dL), median [IQR]

182 [161, 199]

SCr (mg/dL), median [IQR]

0.57 [0.43, 0.75]

eGFR (mL/min/1.73m2), median [IQR]
eGFR Classification (mL/min/1.73m2), n(%)
>90
>60, <90
<60

80.5 [63.7, 134.4]

8 (47.1%)
7 (41.2%)
2 (11.8%)

L-FABP (pg/g Cr), median [IQR]

2.13[1.49, 2.51]

U-Alb (mg/g Cr), median [IQR]
U-Alb (mg/g Cr), classification, n (%)

6.56 [4.5, 26.9]

<30 13 (76.5%)
>30, <60 3(17.6%)
>60 1(5.9%)
Anti-hypertensive drugs, n (%)
CCB 6 (35.3%)
ARB 2 (11.8%)
ACE inhibitors 2 (11.8%)

IQR: inter quartile range, TC - total cholesterol, SCR: serum creatinine, L-FABP: liver-type fatty acid
binding protein, U-Alb: urinary albumin, CCB: Ca channel blocker, ARB: angiotensin II receptor

blocker, ACE inhibitors: angiotensin -

converting enzyme inhibitor
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Table 2. Change in clinical laboratory data

median [IQR]
" Before treatment After treatment Change Change rate % p value

Body weight (kg) 17 64.8[52.5,70.6] 64.9 [51.6, 71.3] -0.2[-1.7, 1.7] -0.29[-2.62,2.98]  0.89
SBP (mmHg) 17 134.0[116.0,151.0] 128.0[122.0,133.0] 6.0 [~25.0, 6.0] -5.4[16.5, 5.0] 0.16
DBP (mmHg) 17 70.0 [66.0, 83.0] 66.0 [61.0, 77.0] -2.0 [-23.0, 7.0] -2.9[-27.7,10.0] 0.46
Blood glucose (mg/dL) 17 184.0[125.5,319.5] 150.0[112.5,167.0] —40.0[-166.0,-6.0] -24.4[-51.5,-5.1] 0.002
HbAlc (%) 17 6.8[6.3,9.1] 6.6 [6.0, 6.9] -0.8 [-1.9, -0.1] -12.9[-21.0,-0.7]  0.003
TC (mg/dL) 17 182.0 [161.0,199.0] 178.0 [151.5,198.5] —4.0 [-21.0, 18.0] -2.2[-10.7,12.0] 0.63
SCr (mg/dL) 17 0.57[0.48, 0.81] 0.57[0.43, 0.75] -0.04 [-0.14,0.06]  -7.1[-21.7,8.8] 0.27
¢GFR (mL/min/1.73m% 17 88.5[68.0,113.7]  80.5[63.7,134.4]  6.2[5.7, 20.8] 8.4[-8.8,30.7] 0.17
L-FABP (ug/g Cr) 17 2.13[1.49,2.51] 1.65 [1.42, 1.94] ~0.07[-0.88,0.54]  —3.8[-37.8,46.7]  0.54
U-Alb (mg/g Cr) 17 6.56 [4.50, 26.90] 5.65 [3.99, 7.05] -1.22 [-20.07,-0.57] -21.3[-73.1,-10.9] 0.0002

IQR: inter quartile range, TC : total cholesterol, SCr: serum creatinine, L-FABP: liver—type fatty acid binding protein, U-Alb: urinary
albumin

Table 3. Correlations between renal biomarkers and blood glucose related makers

AHbAlc (%) blood glucose (mg/dL)

r* p value r* p value
AU-Alb (mg/g Cr) -0.2955 0.2495 -0.3015 0.2396
AL-FABP (ug/g Cr) -0.1655 0.5255 0.0049 0.9851

*: Spearman's rank correlation coefficient, : amount of change, U-Alb: urinary albumin, L-FABP: liver-type fatty acid
binding protein

Table 4. Influencing factors on U-Alb and L-FAB

Influencing factors on U-Alb

Before treatment After treatment

Variables Estimates F value p value Variables Estimates F value p value
Gender (men) -4.992 2.239 0.15 Gender (men) -0.885 7.156 0.019
Age 0 0.038 0.84 Age 0 0.045 0.83
Body weight 0 1.003 0.33 Body weight 0 0.218 0.64
SBP 0 1.344 0.27 SBP 0.086 9.675 0.008
HbAlc 0 0.19 0.67 HbAlc 0 0.073 0.79
TC 0 0.006 0.94 TC 0 0.001 0.97
eGFR 0 0.235 0.64 eGFR 0 0.007 0.93
L-FABP 3.617 20.55 0.0004 L-FABP 0 0.012 0.92
Anti-hypertensive drug 0 0.234 0.6 Anti-hypertensive drugs -0.9 7.488 0.017
Influencing factors on L-FABP

Before treatment After treatment

Variables Estimates F value p value Variables Estimates F value p value
Gender (female) -1.318 4.145 0.062 Gender (female) -0.788 5.595 0.034
Age 0 0.001 0.98 Age 0.098 12.31 0.0039
Body weight 0 0.493 0.49 Body weight 0 0.113 0.74
SBP -0.0384 2.769 0.12 SBP 0 0.255 0.62
HbAlc 0 0.266 0.61 HbAlc 0 0.046 0.83
TC 0 0.2 0.66 TC 0 0.01 0.92
eGFR 0 0.305 0.59 eGFR 0 0.181 0.68
U-Alb 0.161 22.32 0.0004 U-Alb 0 0.354 0.56
Anti-hypertensive drug 0 0.002 0.97 Anti-hypertensive drug -0.572 3.97 0.067

U—Alb: urinary albumin, L-FABP: liver-type fatty acid binding protein
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U-Alb: urinary albumin, L-FABP: liver-type fatty acid binding protein, Pre
U-Alb : before treatment U-Alb, Pre L-FABP : before treatment L-FABP, 4
U-Alb : amount change in U-Alb, 4 L-FABP : amount change in L-FABP



42 h

U TF %D U-Alb e (N L-FABP D ZE{L &R 1%
ZIFH, ~21.3 % (p=0.0002), 2 T~ -3.8 % (p=0.5477)
ThHolz. MNAF~Y—h—&HITIEERIE SR
R OZLBICIIAEERHEZA LD, WTh
HIREATERERNICC T L7225, U-Alb DAL E
& L-FABP D2t &=ITIZ A EABEIIA LD 5N
Binot. TNLORRLD, XTI TF
BT K D U-Alb J (NL-FABP 13 4% 5 Bl (K 77 HY
WIRF T 205, AFEONRTH D EHERENIE R
MHEEM N LUAZERICBNWTIE, BNAMA4~—
H—E L TORERZU-AbNEHNI &, £, B
BEREIX R OFIINIC B W TIE, 1BIERTD L-FABPIZ
KIETH 0, RERREE OB G RMERE &
LT, HRMIZEWAREEDRIZ S Nz,
U-Alb V3 RBRIKRE E N ORI B i 2 S L 710,
L-FABPIRMIEREH & KT 5L IN TS W2,
SEDOFEBEOEREELT, 2DDREMENEZ S
N5, OEDITIE, DPP-4[HEANC K 2 BREE
AN EITRERKRITER L2458 & LT, L-FABP
T ATRER LT E S e h- I i REME D &
%, 5EDHELT, RMEREREIZRIEAR
4 @ final common pathway & S 1 TH D0 2, &
[ D 4 S B VB AE Y IE 5 7 & BR (X R 51 C
L-FABP I A AYITIRAE T 0 JRANE B D 2L
DOREHICE S > Al RetENE A 5N 5.
DPP-4 [H 54 O B AR 1F FH VUi &3 sr U
2w 52T 77 hEBILNTWVWS,
S EOFHIZEB W T H B FERT % O U-Alb &L T
L-FABP D& L&, ks FHbAlc DA L& E
OREMENASNT, F/, MEICHEERE(L
MAED NN =T M5, DPP-4FHEAID
ERTHDEEZ 5N, DPP-4HER O BHE
TER D EKITH S M TIE /R WA, DPP-4 ARSI
RDIED, BE2E0H 50 MR L, BHR
WTIEZEDT7 vy L Fal—a kb2 EP,
F7z, JEEKOBRETIE, DPP4HEANCLDE
MO 707 7 — 2 OB EIE], SRERAKEE
OME, RPTIVT IO OETF, RERMEELOM
Hil, RIEWCRES T 2 TGF- B B O, RERIK
MIEBRHMEEME 2 EDRINTNE W02, 2
NS OVE R DGR 1T B WD TRERE K RS D )
Thae ERE LU THERREET2O0NIARHTH S
2, SEIOBFHCBWT, RIEHEZKRT S

W

ESINSL-FABP OB S WK A LD 5N
Mo Z EFYFT T TF 2 OIERAIREREA
OIERZERETDHDTHOZAHEMENEZ S
Nn5.
E_OnEeEE U TIIBHER TOXT—21C
LDENNEZEND. U-AbDSRERMAREE K O
RAE R EZ KT 28 W & LTI, REMENS
ERINZTIVT I ONRME THERINE NS Z
O F, TIVT I CHENRME ZEET S
T MWW AURANT NS, ZHIEBHEEZR
U OZEE L TEREMEDR 5 2 RE T
5HDTH5. Choubid, FIJeGFR 86.4 (mL/
min/1.73 m*) D 2RIBERFEZF Z R EL 220 »
AD7+0—7 v JI2BWT, U-AbITHZITH
U775, L-FABPIZIZHEERELNH S N7
mofzEl, TONREL TEEEIIRIICT IV
T2 URITDIBMNZDREDOENAEL, R
AR ME R EREIC X 2tz h T T
%%, Hattorild ¥ ¥JeGFR 73.3 (mL/min/1.73 m?)
DEMzERGEL T T TFoE2REL,
U-AbDHERKFZEZHREL TWE®, £,
Groop 513 eGFR 83.6 (mL/min/1.73 m*) D%
MzEMNGELTYF T TF 2L, U-Ab
ODEERKTFEHREL TWDH 'Y, —J, Sagara s
1ZF1 eGFR 43.5 (mL/min/1.73 m?) D% k45
ELTTRVITNTF ORI T TF 228
HU-kER, WA & HICU-AbIZAEERA(LE
HEDT, TRYUTYTF U TIEL-FABPOAE
BIETEBELTWSED, ZN5DHRIL, D
< & U-ADbIZBEHEAREN IEH 0 & BEK NI H
WTDPP-4HEX OB REMAZ BT 2 &,
F7z, BHBEE IS 5121 A 26 Tl L-FABP
DI NEEU KT 2 n] etk 2 /RB T 2 H DT,
Choub DHEFFELRWHIRTH S, SEOX
LEFDeGFR O H REIT80.5 (mL/min/1.73 m*)
TRRE U TBHARIZIER D S B RN OEFIA
HULTH D, Chou b DFLUTHE D &IRMIEFEE D5
BFHRH DI WA EED S D, U-AlbISA X
IZIKF U, L-FABPIZIZEHS N bNA LD BN
78/ 72 Z LV ETIR O DPP-4 HEF| D 17 1 20
EH KT LHERTHD. T, EFEOEAN
SEBE TRV, L-FABPOZ L& (FR{HE)
W70 MARMDERL T+6.9 % THH/=DITKH LT,



DPP-4 HE A DB LREMEM EBENA A< —H— 43

FGHEY I B BE DR R S HERI E 2 70 L LD
BHETIE-224%ThHo7=Z &3, L-FABPIZE
HEREIX RS EIOIER L D HHEEREL 27 — 212 H
WTIXBEHRERF XIRRIC L DR E KT 2
WREMZ R T2 HDEEZ D, ZTNHEEET
% &, DPP-4RHEARNC L 2B RAEMER 2 SiaIc X
Mg 5 NA A — N —I3BHEER FDOZXT—2I1C
KOVERRD, SEOMREBFITBNVWTIITFHT
U TF L BHEHAZU-AbIZXELL, L-FABP
WIRBR L 72dy - 7l gEE B 2 5 5.
U-AIbIXBHE TI5I2 BT 2 0N N1 < —
J1—"TU-Alb<30 (ng/g C IZIEH I E SN TN 5,
—7, EMICEBEEEFRRLNASNTHU-AD
MIEFEDT —ANDRENSTHEET LI LD D),
T/, EHHPEATH > THU-ABER TFHEOD
eGFROIX R EBHET 2 LG HH 0D, 30 (ng
lgCr) #Hy hATHEEL THWSIRAEERET
20, U et T2 BUpE R R T SRS T4 &
L CH W% DPP-4 [HZE & O preiotropic 72 EH 2 &
FEFAERT D BFERITB W TRAT 5 2 L1389
TR OB SN SRR EEN DD EHEZD. &
T, BHEREDIEE N SBE T L 2 BHE
MicBWTHFH 7y FF o250, U-AblT
L-FABP & Lz U T8 /a2t /R L 7z. U-Alb
O L-FABPIZWITNHEERBENA A~ —H—
THDH, HENRCREDZE Ok L E R
DAT—VICE > TERBDWHEENRB I N,
ARWFTEIIE SRR TH O, T XRTOHE
RF PR 2 I LIIRETH D, £z, FEHIEK

IZPES BT EORFMBH O, NS E2HEL i
ROBRPBMETDH %,
V. #& B3

BHERENIE R D 5 BT U 7z 2 TR IR R 3
KL THFH T TF o250 RE,
U-AbIZEEIZK N LA, L-FABPIZEH S Nz
Bl BRI Iano I-.

EEDFIRIR (conflict of interest : COI) B :
AL DOWFRNAFITBE L CTReICH SR U

1)

2)

3)

)

5)

6)

)

8)

9

10)

11)

12)

13)

X 3

WA R . BUFHERT e-Stat.
http://www.e—stat.go.jp/SG1/estat/eStatTopPortal.
do?method=init [accessed 2016-12-10]

HABITEY 2. DD E OB MESEHTHRIE DB
http://docs.jsdt.or.jp/overview/index2014.html [accessed
2016-12-10]

SRS B BERREREL T T 0T T A
http://www.mhlw.go.jp/stf/houdou/0000121935.html
[accessed 2016-12-10]

Yamada T, Komatsu M, Komiya I, Miyahara Y, Shima Y,
Matsuzaki M, et al. Development, progression, and
regression of microalbuminuria in Japanese patients with
type 2 diabetes under tight glycemic and blood pressure
control: the Kashiwa study. Diabetes Care. 2005; 28:
2733-8.

Araki S, Haneda M, Sugimoto T, Isono M, Isshiki K,
Kashiwagi A, et al. Factors associated with frequent
remission of microalbuminuria in patients with type 2
diabetes. Diabetes. 2005; 54: 2983-7.

SRR, SPIHBsEt, STRESE, FIlSs, AR E,
WEN ED. BEBE AR - HABEIRREE 2R A
MTERME B M2 B BRI IERHE OB LW RS2
Wik HERES. 2005; 47: 767-9.

Nauta FL, Boertien WE, Bakker SJ, van Goor H, van
Oeveren W, de Jong PE, et al. Glomerular and tubular
damage markers are elevated in patients with diabetes.
Diabetes Care. 2011; 34: 975-81.

Nauta FL, Scheven L, Meijer E, van Oeveren W, de Jong
PE, Bakker SJ, et al. Glomerular and tubular damage
markers in individuals with progressive albuminuria. Clin
J Am Soc Nephrol. 2013; 8: 1106-14.

Gluhovschi C, Gluhovschi G, Petrica L, Timar R, Velciov
S, Tonita I, et al. Urinary Biomarkers in the Assessment of
Early Diabetic Nephropathy. J Diabetes Res. 2016; 2016:
4626125.

Tojo A, Kinugasa S. Mechanisms of glomerular albumin
filtration and tubular reabsorption. Int J Nephrol. 2012;
2012: 481520.

Tanaka T, Doi K, Maeda-Mamiya R, Negishi K, Portilla D,
Sugaya T, et al. Urinary L-type fatty acid-binding protein
can reflect renal tubulointerstitial injury. Am J Pathol.
2009; 174: 1203-11.

MARZCT, B, AR FRICRBRIER S N
FEIRIPNA AT =T — [RPLBJEN A& ER
(L-FABP). Mod Media. 2012; 58: 123-6.
Kamijo-Tkemori A, Sugaya T, Yasuda T, Kawata T, Ota A,
Tatsunami S, et al. Clinical significance of urinary liver—

type fatty acid-binding protein in diabetic nephropathy of



44 h

14)

15)

16)

17)

18)

19)

20)

21)

22)

type 2 diabetic patients. Diabetes Care. 2011; 34: 691-6.
Alter ML, Ott IM, von Websky K, Tsuprykov O,
Sharkovska Y, Krause—Relle K, et al. DPP-4 inhibition on
top of angiotensin receptor blockade offers a new
therapeutic approach for diabetic nephropathy. Kidney
Blood Press Res. 2012; 36: 119-30.

Haluzik M, Frolik J, Rychlik I. Renal Effects of DPP-4
Inhibitors: A Focus on Microalbuminuria. Int J Endocrinol.
2013; 2013: 895102.

Higashijima Y, Tanaka T, Yamaguchi J, Tanaka S, Nangaku
M. Anti-inflammatory role of DPP-4 inhibitors in a
nondiabetic model of glomerular injury. Am J Physiol
Renal Physiol. 2015; 308: F878-87.

Groop PH, Cooper ME, Perkovic V, Emser A, Woerle HJ,
von Eynatten M. Linagliptin lowers albuminuria on top of
recommended standard treatment in patients with type 2
diabetes and renal dysfunction. Diabetes Care. 2013; 36:
3460-8.

Mori H, Okada Y, Arao T, Tanaka Y. Sitagliptin improves
albuminuria in patients with type 2 diabetes mellitus. J
Diabetes Investig. 2014; 5: 313-9.

Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K,
et al. Revised equations for estimated GFR from serum
creatinine in Japan. Am J Kidney Dis. 2009; 53: 982-92.
Chou KM, Lee CC, Chen CH, Sun CY. Clinical value of
NGAL, L-FABP and albuminuria in predicting GFR
decline in type 2 diabetes mellitus patients. PLoS One.
2013; 8: €54863.

Nangaku M. Mechanisms of tubulointerstitial injury in the
kidney: final common pathways to end-stage renal failure.
Intern Med. 2004; 43: 9-17.

Uchii M, Kimoto N, Sakai M, Kitayama T, Kunori S.
Glucose-independent renoprotective mechanisms of the
tissue dipeptidyl peptidase—4 inhibitor, saxagliptin, in Dahl
salt—sensitive hypertensive rats. Eur J Pharmacol. 2016;
783: 56-63.

W

23)

24)

25)

26)

27)

28)

29)

30)

Zhuang Y, Hu C, Ding G, Zhang Y, Huang S, Jia Z, et al.
Albumin impairs renal tubular tight junctions via targeting
the NLRP3 inflammasome. Am J Physiol Renal Physiol.
2015; 308: F1012-9.

Jheng HF, Tsai PJ, Chuang YL, Shen YT, Tai TA, Chen
WC, et al. Albumin stimulates renal tubular inflammation
through an HSP70-TLR4 axis in mice with early diabetic
nephropathy. Dis Model Mech. 2015; 8: 1311-21.

Guo JK, Marlier A, Shi H, Shan A, Ardito TA, Du ZP, et
al. Increased tubular proliferation as an adaptive response
to glomerular albuminuria. J Am Soc Nephrol. 2012; 23:
429-37.

Sagara M, Suzuki K, Aoki C, Tanaka S, Taguchi I, Inoue T,
et al. Impact of teneligliptin on oxidative stress and
endothelial function in type 2 diabetes patients with
chronic kidney disease: a case—control study. Cardiovasc
Diabetol. 2016; 15: 76.

Moriya T, Suzuki Y, Inomata S, Iwano M, Kanauchi M,
Haneda M. Renal histological heterogeneity and functional
progress in normoalbuminuric and microalbuminuric
Japanese patients with type 2 diabetes. BMJ Open Diabetes
Res Care. 2014; 2: e000029.

Shimizu M, Furuichi K, Toyama T, Kitajima S, Hara A,
Kitagawa K, et al. Long—term outcomes of Japanese type 2
diabetic patients with biopsy—proven diabetic nephropathy.
Diabetes Care. 2013; 36: 3655-62.

Babazono T, Nyumura I, Toya K, Hayashi T, Ohta M,
Suzuki K, et al. Higher levels of urinary albumin excretion
within the normal range predict faster decline in
glomerular filtration rate in diabetic patients. Diabetes
Care. 2009; 32: 1518-20.

Chida S, Fujita Y, Ogawa A, Hayashi A, Ichikawa R,
Kamata Y, et al. Levels of albuminuria and risk of
developing macroalbuminuria in type 2 diabetes: historical
cohort study. Sci Rep. 2016; 6: 26380.



		2017-09-20T12:46:02+0900
	東京慈恵会医科大学




