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Relationship of renal lesions with urinary protein excretion in patients
with overt diabetic nephropathy

Tomonari OKADA, Hiroshi MATSUMOTO, Toshiyuki NAKAO, Yume NAGAOKA,
Chikayuki YAMADA, Tamami SHINO, Maki YOSHINO, Hiromi HIDAKA,
Myeong Gi HAN, Masako OOTANI*, and Tohru SHIMIZU*

Division of Nephrology, * Division of Pathology, Tokyo Medical University, Tokyo, Japan

We investigated the relationship of renal lesions with the degrees of proteinuria in 57 type 2 diabetic
patients with overt proteinuria(urinary protein excretion rate(UP)>>»0.5 g/day). Creatinine clearance
(Ccr) ranged from 25.4 to 131.0 m//min/1.73 m2 Kidney specimens were obtained and the diagnosis of
diabetic nephropathy was made in all patients. The degree of each of the following histologic changes were
evaluated : diffuse or nodular lesion, the type of nodular change, mesangiolysis, arteriolar hyalinosis and
interstitial damage. We divided the patients into the following 4 groups according to Ccr and UP : group
A with Cer>»60 and UP>»3 g/day (n=10), group B with Ccr»60 and UP <3 g/day (n=10), group C with
Cer<60 and UP>»3 g/day(n=23) and group D with Ccr<60 and UP <3 g/day(n=14), and compared
the histologic parameters among the 4 groups. Diffuse index in group A was greater than those in group
B(p=0.05), while those in groups C and D were not different. Nodular index, percentage of patients with
nodular lesion did not differ among the 4 groups, however the percentage of glomeruli with complicated
nodules(nodular lesion with mesangiolysis and/or microaneurysm) in group C was greater than those in
group D(p<0.05). Hyalinosis index did not differ between group A and B, nor between group C and D,
respectively. Interstitial index in group A and B did not differ, however that in group C was greater than
in group D(p<C0.05). In addition, the rate of Ccr decrease between renal biopsy and after 12 months was
significantly greater in group A and C than in group B and D, respectively (both p<0.01).

These results suggest that 1) mesangial expansion was associated with the degree of proteinuria in
patients with slight impaired renal function, 2) tubulointerstitial involvement was associated with the
degree of proteinuria in patients with advanced impaired renal function, and 3) these structural changes
might be associated with decrease in renal function in diabetic nephropathy.
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Fig. 1. Grading of the diffuse lesions(PAS stain,
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Fig.2. Grading of the nodular lesions(PAS stain, X 200) alb
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Fig. 3.

a . A typical glomerulus with simple nodules at the 10- to |2-o'clock positions. These nodules show acellular oval
mesangial expansion and patent peripheral capillary lumens. (PAS stain, X 200)

b . A typical glomerulus with a complicated nodule at the 3- to 6-0’clock positions. This nodule have fibrillar mesangial
matrix, obscured capillary lumens, and surrounded by foamy mesangial area which might show a reconstructive
process of mesangiolysis.(PAS stain, X 200)

A typical glomerulus with mesangiolysis at the
0- to 5-o’clock positions

Mesangial matrix was loosened, slight edematous, and capil-

lary lumens were obscure. (PAS stain, X 200)

Fig. 4.

L, 1D BB o> 30 % o0 i, 2 1 30 %LA L 70 %k o
7, 3070 %L L OREE” WML fe, RIS & 1Y
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fiPH & L7zo

B AERARBE R 24 RERIEIRIC L B2 v 7 F =2 )T
Z v A{Cer), REHMEHEL, H% Cer 60 m!//min/
173 m? AL CHREEN 3 g/HEL LD AR 104, 3g/HK
Wi BE 104, 5 & U Cer 60 m//min/1.73 m? i TR
BEt3g/HU Lo C#23 4, 3g/HAMO DE 144
D AT T BRI B LRI I B 2 BT R %
Table (2R ¥, FROOFBAT R IC B9 2 F1E 2 4 1T

L, HyaB XU InticowTid ABE, CDEfET
WUz, E72, BERIEB XU 12 5 A%O Cor, RES
Ho%E{LE ABE, CD HRITHE L2,

FEETALER L, 4 B o el o ik (ANOVA) % A
vy, Fisher’s PLSD ¥ & 5 H BB 21T o7, & 72, 2
PR o g 12 Mann-Whitney U #8 5%, unpaired-t 5 %
Awi, #O0IEHIC paired-t IE, y*REEHAV, &
MR SBLAT 2 AR & Uiz Bl i3 T EMl + R &
LT#&LI,

1. SRERFEE(L

BRI LI (BERNIZ B 1 5 BoRBRESUI N T 2 25
1t (global sclerosis) % 23 2 RERGMDOEE) ik A FE 184
+163%, BEE22.7+21.4%, C#Hf33.3+23.1%, DE:36.5
+155%THY, AR C, DR UEEICE/MZ -7
(A vs C:p=005 Avs D;003), AB, CD »4& 2 #fT
FHEEEERD R,

2. U AMRE

Dl iz AFf23+04, BIFE1.9+04, CEE25+04, D
25404 &, 4P BRE AR b G @ K 72 o/ (Fig.
5)o ABHITiE A BEAY I D % & 12 23 (p=0.05),
CD @2 HHTHAEEE LR DL o7,

3. MEETMEREE

NI i3 ABE0.16+0.20, BI£0.21+0.28, C #£0.28+0.41,
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Table.

Clinical findings of the patients at renal biopsy

Cer>»60 m//min/1.73 m?

Cer <60 m//min/1.73 m?

U-prot>>»3 g/day

U-prot< 3 g/day

U-prot>>3 g/day U-prot< 3 g/day

n=10 n=10 n=23 n=14
Study groups Group A Group B Group C Group D
Male/Female 6/4 1/3 20/3 12/2
Age 57.0+10.6 55.0+10.5 553114 59.3+11.0
Duration of diabetes(year) 17.8£7.5 159%11.8 14.6£5.1 15.4+7.8
Cer{m//min/1.73 m*) 83.3+ 1.3 932+ 8.6 44.] £9.4% 45.9+6,9%
U-prot(g/day) 4.9+ 1.9¢" 1.4£0.7¢¢ 59:+2 18 |.6:0.5™
Serum albumin(g/d/) 3.0x0.5" 4,1 £0.4' 3.1 £0.6% 3.8+0.5"
Serum total choresterol (mg/d/) 23451 244 60 256 +£60 232+65
Hemoglobin Alc(%) 7.1%1.8 74+13 7.7+20 86+24
Systolic blood pressure (mmHg) I151£13 142+ 19 14214 141£13
Diastolic blood pressure (mmHg) 83 xgm 817" 78+£8° 72 12mne
Antihypertensive therapy 6/4/3/1/2 1/3/2/0/6 8/12/1/5/5 3/6/5/2/4

(ACEI/CCB/F/aB/N)

Cer : creatinine clearance U-prot : urinary protein excretion

ACEI/CCB/F/a8/N : angiotensin converting enzyme inhibitor/calcium channel blocker/furosemide/« or 8 adrenergic blocker/no

drug

a-1: p<0.0001, m:p<0.0l, no:p<0.05(ANOVA, Fisher's PLSD), Values are mean=£SD.

3 8 #
WOk
25 1 ®E3
2
O 15 1
1
0.5 1
0
Group  Group Group  Group
A B C D
Values are mean £SD.
%, %: p=0,05  §: p<0.0001 #: p<0.001
(ANOVA Fisher's PLSD)
Fig.5. Diffuse Index(DI)

D 0.40+046 &, ABHfiCILL CD Hfid @ OfrC b
L8, 4B THEEE 2RO 2ot (Fig 6), FEMILA
BRIED 5 b EEHIHL 2 B 2 REREOWE b, AT 12,6
+17.0%(0~50%), B 10.8+14.8%(0~429%), C
17.9421.1 %(0~77.8 %), DI 19.2422.0 %(0~55.6 %)
&, AHTHEEEERD L h o1,

Flo, ARERNCHERE, FEETENE 2RO SHEH) & RO
OFERNC S, R BIEFITIE & &1 simple nodule @
A% R B IER], complicated nodule @ &4 % $88 2 fiE i,

2 -
1.5 1
= 1

0.5 1 T

0
Group  Group Group  Group

A B C D
Values are mean £SD.

Fig. 6. Nodular Index (NI)

simple nodule & complicated nodule % & ¥ I8 2 fiE il
WA T, EFIBOWE 2L 7 (Fig. 7). SRR
RO EFOWE L ARESO%, BRE40%, CHE48
%, DI428%L, aBM THBEZ 2R D Kol
complicated nodule % 8 & % fEH O WA 1L AFE30%, B
BE30% CHE478% DE286%L, CHRIZMIE L
MHETE D 5%, 4 HHTHERERD kP oT,
e Bk AR D 5 B complicated nodule % §8# % FBRk{E
OEETHET 5 &, ABTIE117%0~214%), BE
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complicated nodules only (+)

simple and complicated nodules (+)

simple nodules only (+)

nodular lesion (-)

Group
A

(n=10)

Group

(n=10)

4
(17.4%)

Group
o]

(n=23)

Group
D

(n=14)

Fig. 7. Proportion of the patients according to the character of nodular lesion

(%)
50 ]

40 1
30 1
20 1

10 1 ® *

Percentage of glomeruli with complicated nodule
*
*

Group  Group Group Group
A B C D
Values are mean £S80.
¥, *; p<0.05 (ANOVA Fisher's PLSD)

Fig.8. Percentage of glomeruli with complicated nodule

254+59%(0~19.2%), CHE11.1£13.5%(0~36.7%), D
PE28£57%(0~200%)ThHYH, CRIZDEE X UBH
12 L LA TR complicated nodule % 88 2 1Bk RO # &1
i o 72 (C vs B p<0.05, C vs D ; p<0.05) (Fig. 8),

4. AYE7 LR

A X SRR D HEEPIOWIE G A BE60%, B
BESO%, CIEG69.5% Ditd428%r Bl clEa %
Dotz BML iz A 24.3429.7 %(0~57 %), B #: 7.6
+12.7%(0~17%), CI¥21.8:23.8%(0~86%), D} 9.8
£16.2%(0~41%) &, ABD2FMTid ATE, CD D2
BTk CHENEMTIE S 208, aBMTERELSED Y
holz,

5. HREIAREHF(E

Hya ld AB % & UF CD 0% 2 BER) CLLBE U 72 s, W%

Hya

Int

. . #is ol
cose 33 sest -
s00® [ ]

. .
Group Group Group Group
A B c D

Fig. 9. Hyalinosis Index (Hya)
5

(L4

000

H 44 Y
8332 eees #
oo HH
Group  Group Group Group

A B o] D
*; p=0.07  §: p<0.05
(Mann Whitney test; Group A vs. B, C vs. D)

Fig. 10. Interstitial Index (Int)
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P p<0.0001
i 2 ml/min/1.73m
miimin/1.73m - I—] p<0.05
120 7 p<0.001 60 1
1
100 50 1
80 40 1
§ 60 3 30"
40 20 1
20 10 1
0 0 -
Om 12m om 12m om 12m Om 12m
Group A Group B Group C Group D
(n=5) (n=6) (n=14) (n=13)
Values are mean =SD.  : p<0.01 #:p=0.08 (unpaired-t test)
Changes of Cer in each group were analyzed with paired-t test.
Fig. 11. Changes of creatinine clearance (Cer) during the period between

at renal biopsy and after 12 months

g/day %
B
o
=2
Om 12m Om 12m
Group A Group B
(n=5) (n=6)
Values are mean +S0.
Fig. 12.

EHICHEE D 2 h o 72 (Fig. 9),

6. FIEfES

Intid, AB,CD D& 2HFHOLEKICB T, ABD 28
M TRAEEEERD Zinoreh, CDO2BEMTI C B
WHE W 232072 (A vs B p=007, Cvs D ; p<
0.05) (Fig. 10),

7. 2 HAMOEHEE RERROEL

ARG & D 12 A A LLLBBAATHE T, 4hafeic T 24 IR

Oom 12m

Group D
(n=13)

Om 12m

Group G
(n=14)

¥:p<0.05 #:p<0.01 §:p<0.001 * p<0.0001 (unpaired-t test)
Changes of U-prot in each group were analyzed with paired-1 test.

Changes of urinary protein excretion (U-prot) during the period between
at renal biopsy and after 12 months

RIS & B Cor, IREEIOFHMASTTHETH - 12 38 #4cD
WT, WERKEE LU 124 %0 Cor, REFAROEL
# Fig 11, 2Ry, P REHRTe/H), H o
U —{HilBR (26~32 keal/kg/ H) % e & fureo HETHIR (0.6
~0.8 keal/kg/F) i ATE24, CHES K, DS 248
Wahitz, £7z, ACEHEE, A0 o7 AFEHHENRM#H
OBUE 4 THENCE L Wl R R b otz HRZLIEH 2
ARAZETHY, 12HAMIZ 4~ ERBLEZ, ZOEO
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ml/min/1.73m2/month

p<0.01
*1 1
@ 4
£
g p<0.01
8 3 i _1
5 ,
g "]
1
]
Group A Group B Group C GroupD
(n=5) (n=6) (n=14) (n=13)
Values are mean+SD.  (unpaired- test)
Fig. 13. Decline rate of creatinine clearance(Cer)

after renal biopsy

LR HME, ~TS oy Alcld, AB, CDOE2
HEcEBEEsRdkhol, Tl URMERCL S |
H MY oagiititic bEEEZE2R 0 ko7, EERL
RIZABRHMICB W THBEICBHSE »of H(p<
0.01), CDHHMicEERZE2RDL» 7,

W AR IZ 353> T AB, CD Q& 2EERID Cor 2 iz EE
EEEDITWH(AIS8II+144, B:100.8+17.6, C: 48.1
+9.0, D:46.8+6.5m//min 1.73m%, 124 A% ik B
ZEE AR Cor 2IET L, ABEERITIZ A B3 BB
EEUAE B Cor i3 & < (A: 407119, B:92.7+254
m//min/1.73 m?, p<0.01), COEMTIIEEZ 2D
Vs, C iV D BRI L LBV 2 b 72 (C 1 32,1129,
D :399+7.0 m//min/1.73 m?, p=0.06),

FRZEE 1540 i B 2 M e, A BES4+25 B#EE1.2+07, C
TES9+21, DRELTIE06g/HTHD (A vs B p<00l,
Cvs D p<0.0001), 124FBCBHTH ARFBILSI,
BRE21£11, CHEG6I£32, DE3OEISg/HE, A C
Mix B, DFRICLEL, B2ERICREEIHIE W %5
Bz (A vs B p<0.05 C vs D; p<0.001),

12 % Bldo Cor R THEL, ABRERICBWT AR
3.36+0.65, B 0.68+1.67 m//min/1.73 m*/H, CD & [4]
W BT C#E1.3440.76, DFE0.49+0.61 m//min/1.73
m/FTHbH, A CHXB DIl L &4 HE W Cer
OIS THE DS WM 2 §B& 72 (A vs B, C vs D 1 p<0.01)
(Fig. 13),
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SRR M R 1, B BREE AT IENR, ORI &, I
BT LB re0mBIcE S lILWEBEORRELH 5,
SRR 2 d6 U B A AR WIA R & B ER & OB & R
ALz iE, BREMITIZFRSEOERA ENRICTRET
HB, L L, R OxtREH D Cer i 25.4~131.0
m//min/1.73 m? & JERWCHRIL VT2 8, RE ) B B HE R
Cer 60 m{/min/1.73 m? Bk, SR (B4 AR AT IE
R & AR B A BIMERERTIE, B T
Mat L7z, ERRERMIC L 540, Cor 60ml/
min/1.73m* L LD 20 DREEMAI3 123/ TH
Bz, 3g/HLLE, FKiTor, Cer 60m//min/1.73
m? SR OMER b FBRICHT 2 2 g Lz,

AW ¥y AEEORKIE, TTCREE7LVT I VRB
SUBMBTALT I RERBTSEGIICED SN, o
TN URERT 28E1E, Gellman £348° 0 2, 3 #ic
YT 2EEOVE AEREDHETHED SN T»5EY,
IR OHEMEARERETAENTIE, IVEERUZA
MREERED L Z LB FHEEINLE, BEOLNLOLILOWE
Tk, DI & Cer, REARIKCIZFAFNEE LA, FEHM
i, L L, Cer 60m!/min/1.73 m? LT QER
DEMFICT S EZOMMERED S, TR
MieBWwTH, Cer 60m//min/1.73 m? 3k §if O £ # (CD
) 12 60 m//min/1.73 m? LLEDORER (ABBE) IcHeL, U'Z
AMERZE R & D AT B EM 28R 248, TRE DR I3
HTRETHY, REAROLDICIIHEL W D EH
BB, —K, 60m//min/1.73 m? LA EDEFIC BT
i, REBROZ VIR (A ) BB WEFI BRI LD b
Vg AMREGHETH2HEAEZRDTE D, HHREET
D EIPBREOEEE, U AMREOMETE & RIEH R
MR BLLEZONS, UL, ARiicB 2
A, BI#®D Cer O 2 #7183, 93 m//min/1.73 m?
ThD, MBEEEHEZIRVLODBEOIE S R HEE
BRWHEAECHD, TOLOBHEODINARKLD bE
T H 5 MHEM: X E T E KV,

FEMMRERIER 7V 7 2 VIR, BXUMBRT LTS
RS 2IEHNC b T TICRD 5T w550, EE i
RO 2 RIS, RNGETECH S ZOREP
KE3k, HELMAROWE I DVTTEMi4 2 LB H 3
EHEZONDL, B KESE2RTEHLLT HEER
D HIERIOWERREREOHE, NLIZ, wIFh b REH
OB L > THopEEEED Lo, T4bb5,
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REHIMREOE RS, ZOHE, K& 3 LREOM LI
AR EF L S, ARE T IRBBAEN I NI 2 &
%k, w&E Cer 60m//min/1.73 m? UL, il TS
L7:ii# M T, ®%EPEOEHAERD 2 b OOFEE
B lehote, Gellman & ZEEHIMHRE OBE LB &
DORERRD BV ERTVEY, Lal, #Eobhb
NORSTIE, NI & Cor K3FEREMYERD, Cer
AN LT NI 2K T 5 &, 40 m//min/1.73 m? 3
WOEFC B TERCHMBE L X->THDY, BEHiENE
PERBCET U T WERRE T REIERE OFE, K&
SREFNC L DL TH B M, BECET LR
THRHREFBCHEDI bOLEFIOND,

MR EOBM R R W T, BRI b, KA
5L 5 2 HEOREMREND 5 LBESNTHRE",
Bl Uk AMRESET LR c koo eFrohd
bk, BICAY ¥ LARMBOBEARE U TR S
NeFBEZONLHDTH S, AIERIEERD ST %L
L, BMMERR AN TWED, HE RS R
B, WAV F U LAREEHES bOVH Y, EBMME
(R B 12 R EARE T L i Ui microaneurysm 2 2 L Tw 3,
Stout & [IFEREMIC FEEM4MRZE % simple nodule, compli-
cated nodule ZAHEL TH VY, ZhEREBRIFE,
BECHETAEHEZI OIS, bhibh bEEIMRE %
simple nodule, complicated nodule {Z4HF L, % D%
WEtLlz, #OESR, 43T complicated nodule %58
LIEROE G I EERD R Molz, Lo L complicated
nodule % 2 REREOHE TIE, RESHMOZ VLRI
BOWTORWECHEL 2 OWENR CEF E2RBH 2. K
H, BE5 IRMMREE A9 ¥ ARROERSEM
MELRE DO MRS & JEEBERZE, EBIERZ & 8L,
TR 2 B HEFS A B REARSS <,
FEHTHERRZE DMK & AR L OBIEY: 2 #Hid LT 320,
WoDNEb FhEh, Stout 5, AREHZ BT 5%k
MATZAFCHIEL DB eHF L BND, UL LERNT
3, REARBIOLBIBWT, Zb % bREMHREER
DREWEFOWEICEZERDTE ST, HETMRELZRED
BOEMCBWTORREHREZELI 52 05,
complicated nodule & v» 9 FEHIMERFE OB R MR O
D= DFEFI O KRB ERICBIE L T 2 0fEd i H > T
b, ARMEAKRCEZALDSOUERRS L EHZ 5D,
e, FREEMERES Yk A SO I B L TR Y % A
Wb D Lo SRR H DD, KR ITEIBRE 5% O
w54 2 L 485%E 2 B complicated nodule DERE %3 U

LG, B OEMERD SRS I L REETH S
AIHEMEDH B,

AN X ARG FEERIFIE B AE R S N D KA
RED—DTH B, A9 F 7 ARMBOREE - O %
AMERREE, REENMERZE, MIEHIRBE(COETE & o Bk
HESHRTWE, BER L OBRHMEHE S Tnk
WV, RIS TIE, Gellman 28D 0, | HIICHMT 0%
AMIREDHMITHRE TH BEFNT BT A Y > F 7 AR
a1z L A RO Tiendd, 2 LA 3N, 5
HEARERET HERN TRV AEREOMITE & b I
BENHEZ B EH X SN D, AERA T RE R O L
BWT, A4 vy AREERD 2 EFAOHECEERD
aipoted, AV UEYLAMRERD L RBREOEET
X, REAROZVEICBVL T RV L 2 084
FETRLOREEHAK -, ThiFEICB~RL
complicated nodule DFER L FMOMEATH 5, £HZ D
A ¥ AR R o TV 2 EEEFZE % complicated
nodule ¥ EFHELTHBY, A¥>F 7 AREDL complicated
nodule & [{ UABRECED 2HEAMNHD 5 B0, [tk
DEMIZ R >TbFELRVWEEZOND, AV UFT A
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